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PREFACE  TO  THE  SECOND  GERMAN 

EDITION, 


Aptbb  the  appearance  of  the  llrat  Swedish  edition  of  tlwB  teit- 
book  I  watt  iiuktid  l>y  iseverul  caliihorertt  uhroiul  to  provide  a  Oermati 
translation,  which  was  at  that  time  iinpossible  for  scvcrat  reasons. 
Bat  I  foand  it  very  difficult  to  decline  a  Himikr  propoMil  vhirh  I 
TBceived  from  many  oolleagoca  after  the  second  edition  appeared. 

I  rielded,  therefore,  to  thoir  oipreased  wishes;  but  I  fonnd  after 
a  time  that  it  woe  impossible  to  obtain  a  translator  in  this  speciitt 
proTincc  of  science,  iiotwithBtnnding  the  unwearied  oxortiona  of  my 
pnblieher.  Nothing  rcmuiaod  for  Die  but  to  undertake  the  tranitla- 
tion  myself;  hence  1  ask  the  reader's  indulgence  for  pob«ible 
idiomatic  or  orthographic  errors. 

Specialicts  will  at  once  7>erceiTe  that  the  book  before  them  is  not 
a  complete  or  detailed  text-book.  My  intention  was  merely  to  nnp- 
ply  8tndent.4  and  physicians  with  a  coodcngc^l  and  m  far  as  poeftihie 
objective  representation  of  the  principal  results  of  pbyaiologieo- 
cbemlcal  research  and  also  with  the  principal  features  of  physio- 
logieo-chemicftl  methods  of  work.  It  accma  to  me  that  I  have 
foUowe<i  a  common,  pmctical,  even  if  not  strictly  correct  usage  in 
allowing  space  in  this  book  to  the  more  important  pethologico- 
ohemical  facts,  althongb  I  have  given  the  hook  the  title  Text-book 
of  I'tiysiological  Chemistry. 

The  armugemeiit  of  subject-matter,  which  deviates  considerably 
from  that  generally  followed  in  text-books,  was  cansed  by  the 
uiaoner  iu  which  physiological  che;nistTy  is  studied  in  Sweden. 
Here  physiologies-  and  pathologico-chemtcal  laboratory  practic*  is 
obligatory  on  all  students  of  medicine.  In  the  arrangement  of  such 
practical  work  1  continually  kept  in  view  that  it  should  not  consist 
of  iwhiteti,  purely  chemical  or  annlytico-chemical  problems,  bnt  that 
alwaya,  as  far  ad  possible,  it  should  go  liniid  in  hand  with  the  etndy 
ot  the  iliSerent  ohaptens  of  chemical  physiology. 
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IT  PREFACB. 

The  stndy  of  physiologico-chemical  prooesBes  within  the  animal 
body  mast  precede  the  stady  of  its  component  parts,  it-a  flaids  and 
tissues;  and  this  latter  stndy,  according  to  my  experience,  will  tlien 
only  inspire  tme  interest  if  the  stndy  of  the  physiological  signifi- 
cance of  those  component  parts  be  closely  parsned  in  connection 
with  that  of  the  transformations  which  take  place  in  these  fluids 
and  tissnes. 

In  Tiew  of  this  arrangement  of  snbject-matter,  and  in  order  to 
render  my  book  of  greater  interest  and  atility  to  those  who  do  not 
wish  to  take  cognizance  of  its  analyti co-chemical  part,  I  have  dis- 
tingnished  the  latter  by  different  setting  of  the  type.  With  the 
exception  of  urinary  analysis,  which  practically  is  of  particolar 
importance  and  which  has  been  treated  somewhat  elaborately,  this 
part  in  general  depicts  only  the  main  points  in  the  methods  of 
preparation  and  of  analytical  methods.  The  instmctor  who  su- 
perintends the  laboratory  practice  and  who  chooses  the  problems 
for  work  has  ample  opportunity  to  give  the  beginaer  the  necessary 
advanced  directions,  and  for  the  more  experienced  student,  as  well 
aa  for  the  specialist,  the  excellent  works  of  Hoppe-Seyleb, 
Keubauer-Huppebt,  and  others  render  more  explicit  directions 
superflaons. 

Olof  Uahuabsten. 

Ufbala,  OUober,  189a 


TRANSLATOR'S  PREFACE  TO  THE  FIRST 
AMERICAN  EDITION. 


Knowino  the  denianils  of  the  meilical  stadent  and  practiehig 
pliysiciau  for  n  more  extended  kuowlodgc  of  ptiyBiologiciU  clioniifi- 
try,  anil  at  tlie  same  time  knowing  the  lock  of  litoraturo  on  this 
subject  iu  tbe  Kiiglish  tauguage,  I  have  boou  lod  to  make  a  traufilu- 
tion  of  tluH  tiiOHt  ailniirulile  work.  The  subjti'ct  of  physiological 
vbeniistry  is  being  moru  aud  moro  udvuuceil  in  tbia  country,  until 
it  will  liooii  beoumu  an  obligatory  study  in  our  medical  schools,  and 
the  aiilargomeut  of  the  literature  on  the  aubject  will  greatly  help  its 
{irogroaB. 

It  n'ill  be  seen  at  a  glance  that  the  work  is  well  suited  ae  a 
latwratory  l)Ook,  For  it  onnLtiiiH  the  best  methixlti  for  the  prepara- 
tion, detection,  and  ipiantitative  edtiinalion  of  moe.t  of  the  snb- 
staaoeB  fonnd  in  the  nrgaiiittni  and  ita  excretions  and  HocretioiiB. 
At  the  anthorV  rergiieut  I  have  maile  no  adrlitiona  nr  changes  what- 
-ooerer  in  the  manuRcrtpt,  and  it  may  (^eoni  that  some  of  the  metlimls 
'described,  oflpecially  those  on  urinary  analysitt,  are  too  lengthy  and 
troublesome  for  the  practising  phyaician;  however,  the  (juick  or 
clinical  methods  are  well  described  in  amallcr  haudbookg  on  the 
■nbject.  In  the  work  of  translation  I  have  adhered  ae  closely  as 
possible  to  the  aatbor's  enlarged  Cierman  edition  and  also  the  orig- 
inal Swedish  edition,  and  therefore  the  literary  errora  will  perhaps 
be  pardoned. 

I  must  here  express  my  appreciation  to  Mon.  A.  BouituouoxoN, 
vrho  has  kindly  gone  carefully  over  the  manneoript  and  read  the 
proof-sheeta. 

J.  A.  Maitdbl. 

Nkw  Vohx,  Getober,  1898. 


PREFACE  TO  THE  THIRD  GERMAN 
EDITION. 


The  preeent  edition,  which  difFers  from  the  second  in  the 
arrangement  of  matter,  contains  three  new  chapters.  The  wonder- 
f  al  developmoDt  of  our  knowledge  of  the  chemistry  of  the  carbo- 
hydrates in  recent  times  has  made  it  necessary  to  introduce  a  special 
chapter  on  this  sabject;  and  as  the  two  chief  groups  of  organic 
foods,  the  protein  snbstanoes  and  the  carbohydrates,  are  treated  of 
in  special  chapters,  the  third  group,  the  fats,  likewise  has  a  chap- 
ter devoted  to  it.  It  also  appears  appropriate  to  treat  the  rather 
extensive  subject  of  the  chemistry  of  respiration  in  a  special  chapter 
and  not,  as  heretofore,  in  connection  with  the  blood.  Another 
deTiation  from  the  earlier  editions  is  that  the  present  edition  is 
supplied  with  the  references  to  the  literature,  in  pursuance  of  the 
request  made  on  many  sides.  This  edition  is  also  thoroughly 
revised  and  enlarged  according  to  the  advancement  of  the  science; 
still  it  was  naturally  impossible  to  incorporate  into  the  text  the 
various  papers  appearing  or  accessible  to  me  during  the  printing  of 
this  edition. 

Olof  Hahharstek. 

Upbala,  April.  1695. 
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TUANSIATOR^  PREFACE  TO  THE  SECOND 
AMERICAN  EDITION. 


As  the  snbject  of  physiological  chemiBtry  has  been  rather 
generally  introdnced  into  the  cnrricQlum  of  onr  medical  schools, 
and  as  the  first  American  edition  was  one  of  the  few  aathoritative 
works  on  this  important  subject,  I  was  led  to  prepare  a  second 
American  edition  from  the  third,  revised,  German  edition.  At  the 
request  of  the  author  no  changes  or  additions  hare  been  made  with 
the  exception  of  the  incorporation  of  the  author's  Addenda  into 
tlie  text. 

J.  A.  Mandel. 

New  Yobs,  October,  1898. 
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PHYSIOLOGICAL   CHEMISTRY. 


CHAPTER  I. 


INTKOl>l  (.TIUN. 


It  follows  from  the  law  of  the  congerratiou  of  force  kuiI  natter 
that  living  beiuga,  plants  aiid  animals,  chu  neither  producu  uew 
matt«r  nor  new  force.  Thoy  are  onlj-  called  upon  to  appropriate 
and  aeaiinilate  already  exiftting  material  and  to  transform  it  into 
sew  fomu  of  force. 

Oat  of  a  few  relatively  simple  combinations,  sspeclHlly  c-arbon 
dioxide  and  water,  together  wilU  uminouiiim  compounda  or  nitrates, 
and  a  tew  miueral  subttauueii,  which  surve  u  itti  food,  the  plant 
bjilds  up  the  extremely  complicated  coDstituuntfl  of  its  orguni&m, 
pniteidf,  cartmhyd rates,  fats,  resine,  organic  acids,  etc.  The 
chemical  work  which  'a  perforated  in  the  pluut  niuitt  therefore,  m 
the  majority  of  cases,  (^oiieiat  in  synthesee;  hut  betiidcs  these, 
proccMe*  of  reduction  take  place  to  a  great  extent.  The  viif  tnva 
of  the  sunlight  induces  the  green  parts  of  the  plant  to  split  off 
oxygen  from  the  carbon  dioxide  and  water,  and  therefore  the  chief 
constitnentB  of  the  plant  contain  lees  oxygon  than  the  material 
Borving  as  food.  The  vis  vira  of  the  enn,  which  produces  this 
splitting,  IB  not  lost;  it  is  only  transformed  into  another  form  of 
formic — into  the  potential  energy  or  chemical  tenaion  uf  the  free 
oxygen  on  the  one  Ride,  and  ttie  combinations  less  oxygenated,  pro- 
duced by  the  syuthests,  on  the  other  side. 

These  conditions  are  not  the  same  in  animals.  They  itrw 
dependent  eltlier  directly,  as  the  herblvora,  or  indirectly,  as  tho 
caniivora,  upon  pUnt-life,  from  which  they  derive  the  three  chief 
groups  of  organic  DutriUve  matter — proteids,  carl>ohydrateA.  nod 
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fats.  These  bodies,  of  which  the  protein  substances  and  fat  form 
the  chief  mass  of  the  animal  body,  undergo  within  the  animal 
organism  a  splitting  and  oxidation,  and  yield  as  final  products 
exactly  the  above-mentioned  chief  components  of  the  nutrition  of 
plants,  namely,  carbon  dioxide,  water,  and  ammonia  deriratives, 
which  are  rich  in  oxygen  and  have  feeble  potential  energy.  The 
chemical  tension,  which  is  partly  combined  with  the  free  oxygen 
and  partly  stored  up  in  the  above-mentioned  more  complex  chem> 
ical  compounds,  is  trauaformed  into  vis  viva,  heat,  and  mechanical 
work.  While  in  the  plant  reduction  processes  and  syntheses,  which 
are  active  in  the  conversion  of  living  force  into  potential  energy  or 
chemical  tension,  are  the  prevailing  forces,  we  find  in  the  animal 
body  the  reverse  of  this,  namely,  splitting  and  oxidation  processes, 
which  convert  chemical  tension  into  living  force  {vis  viva). 

This  difference  between  animals  and  plants  must  not  be  over- 
rated, nor  must  we  consider  that  there  exists  a  sharp  boundary-line 
between  the  two.  This  is  not  the  case.  There  are  not  only  lower 
plants,  free  from  chlorophyll,  which  in  regard  to  chemical  processes 
represent  intermediate  steps  between  higher  plants  and  animals,  but 
the  difference  existing  between  the  higher  plants  and  animals  is 
more  of  a  quantitative  than  a  qualitative  kind.  Plants  require 
oxygen  as  peremptorily  as  do  animals.  Like  the  animal,  the  plant 
also,  in  the  dark  and  by  means  of  those  parts  which  are  free  from 
chlorophyll,  takes  up  oxygen  and  eliminates  carbon  dioxide,  while 
in  the  light  the  oxidation  processes  going  on  in  the  green  parts  are 
overshadowed  or  hidden  beneath  the  more  intense  reduction  proc- 
esses. Like  the  animal  the  fermentive  fungi  transform  chemical 
tension  into  living  energy  and  heat;  and  even  in  a  few  of  the  higher 
plants — as  the  aroideee  when  bearing  fruit — a  considerable  develop- 
ment of  heat  has  been  observed.  The  reverse  is  found  in  the 
animal  organism,  for,  besides  oxidation  and  splitting,  reduction 
processes  and  syntheses  also  take  place.  The  contrast  which  seem- 
ingly exists  between  animals  and  plauts  consists  merely  in  that  in 
the  animal  organism  the  processes  of  oxidation  and  splitting  are 
prevalent,  while  in  the  plant  those  of  redaction  and  synthesis  hare 
thus  far  been  observed. 

WoHLER '  in  1824  furnished  the  first  example  of  synthetical 
PROCESSES  within  the  animal   organism.     He  showed    that  when 

'  BerzeliuB,  Lehrb.  d.  Cbemie,  Qbersetxt  voa  VVOUler,  Bd.  4.    Dresden,  1881. 
8.  376,  A  am. 
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beozoic  acid  is  introdaced  into  tbeatonuch  it  reappears  ae  liippnric 
Acid  in  the  urine,  Hfter  it  combined  witli  };lycoroll  (amido-acetic 
juid).  Since  tlie  discovery  oF  this  synthesis,  which  maj  be  ex- 
pre«Bed  by  the  following  vqualiou, 

C,H,.C0OH+NU,.CIivCOOH=NU(0,H».CO).CU,.COOH+H,O, 

and  which  is  ordimirily  conaidereil  as  a  type  nf  an.  entire  Beries  of 
aynthoses  occurring  in  the  hody  whore  water  is  eliminated,  the 
nnmbcr  of  known  syntboses  in  the  aiiioial  kingdom  bus  incrctiacd 
ooDsidembly.  Many  of  theee  synthe&ca  have  niso  been  nrtidcially 
prodaccd  outetdo  of  the  orgunism,  and  unnieroua  exiunjitc^  of 
animul  syntheses  of  which  tiio  course  is  ubsoliiteEy  clear  will  be 
foand  in  the  followitig  pu;^.  Ueaides  these  A*ell-sludied  gynthescs, 
there  occur  in  the  iuiininl  body  alsoBiinilar  pruLiesseg  unquc^tionubly 
of  the  greatest  iiiiporUince  to  utiimul  Life,  but  of  wbicli  we  know 
nothing  with  positivenesa.  We  ennmerute  as  examples  of  thia  bind 
of  syiithefiiH  the  rtforiimtion  of  t!ie  rpd-lilood  pi-imeiit  (tlie  li»>mo- 
globin),  the  fornmtioii  of  tlie  dilTereiit  proteiils  from  the  peploneB, 
the  formation  of  fat  from  Cfu-boliydrntes,  and  others. 

The  chemical  processes  in  tlie  unimnl  body  we  have  mentioned 
above  as  connittcing  cliiefly  of  oxidiition  and  splitting  processes. 
The  oxygen  of  inludeil  air,  hb  also  that  of  the  lilood,  is  now  culled 
nentnil,  molecular  oxygen,  and  the  old  Hssimiption  that  ozotie 
oticurs  in  the  orgunlsui  liatt  now  been  diucurdod  far  BevcrnI  reiisons. 
There  are  but  few  atilL-itancai  which  c^n  be  osiclized  wiUiiri  tlie 
animal  organiam  liy  the  neutral  oxygen;  while,  on  the  cnnl-Titrv, 
proteida  and  fat,  which  form  the  chief  part  of  tlio  organic  conatit- 
uenCaof  the  animal  body,  are  almost  indifferent  to  neutral  oxygen. 
The  question  ariscit,  bow  then  'm  the  oxidatlou  of  these  and  other 
bodies  poSiiiblo  in  the  animal  organism  ? 

Formerly  the  view  was  generally  accepted  that  animal  oxiha- 
TION  took  place  iu  the  fluids,  while  to-day  wo  are  of  ibe  opinidu, 
derived  from  ibe  inTcstigations  of  PflCukk  and  his  pupils,'  that  it 
la  oonnectod  with  the  form-olemcuts  and  Uio  titt.'^ims.  The  question 
how  thia  oxidation  in  the  form-clcmenla  proceeds  and  how  it  is 
induced  cannot  be  answered  with  certainty. 

*  PdOgrr.  Pfla^a  Arcliiv.  Bdd.  6  uid  10:  Finklcr.  (bid  .  Bdd   10  aul  U  { 
Oettman,  ihid.,  Bdd.  1-1  und  Ift  ,  Koi'pfl-Soj-Ldr,  ibut,.  Hd   7 
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The  canse  of  the  animal  oxidation  is  considered,  hy  PflCuek 
and  several  other  investigators,  to  he  depeudent  opon  the  special 
contitation  of  the  pTotoplasmic  proteids.  This  investigator  calls 
the  proteida  outside  of  the  organism,  and  tHiao  those  which  circalate 
in  the  blood  and  fluids,  *'  non-living  proteids  "  as  compared  to  those 
which  are  converted  hy  the  activity  of  the  living  cell  into  living 
protoplasm,  which  he  calls  "  living  proteids."  It  is  now  also  con- 
sidered that  this  "living  proteid  "  differs  from  the  "non-living 
proteid  "  by  a  greater  mobility  of  the  atoms  within  the  molecule, 
and  it  may  he  characterized  hy  a  greater  inclination  towards  intra- 
molecular changes  of  position  of  these  atoms. 

The  reason  for  these  greater  intramolecular  movements  PflC«er  ' 
•Bcribea  to  the  presence  of  cyanogen,  Loew  '  to  the  presence  of 
aldehydic  groups,  and  Latham  *  attributes  it  to  the  presence  of  a 
chain  of  cyanalcohols  in  the  proteid  molecnle. 

PPLUOER  considers  these  differences  between  ordinary  proteids 
and  living  pi-otoplasmic  proteids  as  the  cause  for  the  oxidation 
processes  in  the  animal  organism.  These  processes  show  certain 
limilarity  to  the  oxidation  of  phosphorus  in  an  atmosphere  contain- 
ing oxygen.  In  this  process  the  phosphorus  is  not  only  itself 
oxidized,  but,  as  it  splits  the  oxygen  molecules  and  sets  free  oxygen 
atoms  (active  oxygen),  it  may  cause  at  the  same  time  an  indirect  or 
secondary  oxidizing  action  apon  other  bodies  present.  In  an 
analogous  way  the  living  protoplasmic  proteid,  which  is  not,  like 
dead  proteid,  indifferent  to  molecular  oxygen,  may  cause  a  splitting 
of  the  oxygen  molecule,  thus  becoming  itself  oxidized,  and  at  the 
same  time  setting  oxygen  atoms  free,  which  may  cause  a  secondary 
oxidation  of  other  less  oxidizable  substances. 

Active  oxygen  may  also  be  produced,  according  to  0.  Nassk,* 
by  a  hydroiylization  of  the  constituents  of  the  protoplasm  with  the 
Bptitting  off  of  molecules  of  water.  If  benzaldehyde  is  shaken  with 
water  and  air  an  oxidatiou  of  the  benzaldehyde  into  benzoic  acid 
takes  place,  while  oxidizable  sabstances  present  at  the  same  time 
may  also  be  oxidized.  The  simultaneous  presence  of  potassium 
iodide  and  starch  or  tincture  of  guaiacum  causes  a  blue  coloration 
because  the  hydroxyl  (OH)  takes  the  place  of  the  hydrogen  in  the 

'  PflUger'8  Archiv,  Bd.  10. 

'  Loew  and  Bokorny,  HflQger's  Archiv,  Bd.  26,  and  Loew,  ibUi.,  Bd.  80. 

>Britisli  Medical  Jouro&i,  1886. 

*Kostocker  Zeitung,  1391,  No.  584. 
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atdehyde  group  and  tlioae  two  liydrogeo  atoms,  one  derived  trom 
(he  aldehyde  and  tlie  other  from  the  sjtiilting  of  tho  wiiler,  have 
a  splitting  action  on  tbe  nio)eci)t»r  oxjgvti.  \as>se  and  Hi'ti^iNo' 
Imre  fuuud  that  certain  varieties  of  proteid  have  the  propurtv  oP' 
.  being  hydroxylized  in  the  presesoa  of  water,  aud  s  eeries  of  oxida* 
'ttnii«  ill  the  animal  body  may,  according  to  Kassb,  be  Hccotinted 
fur  by  the  oxygen  atoms  set  free  in  the  hydroxy  I  isation  similur  to 
that  of  benzalilehyde. 

Another  Tery  widely  ditfuaed  viev  exist*  in  r^rard  to  the  origin 
of  the  uctivity  of  the  oxygen,  namely,  tliat  by  the  decompoditioa 
processes  in  the  tii»ne«i  reducing  anbatAnoeii  are  formed  whinli  Hplib 
the  oxygen  molecule,  uuitin^^  with  one  oxygeu  atom  aud  netting  the 
vtber  free. 

The  fornmlioti  of  rclnciug  snbetanoes  during  feiTnentation  and 
putref^icUon  itt  geitemlly  known.  The  butyric  feruitiiiuttioti  of 
dextrose  in  which  hydmgeu  is  set  free — C\H„0,  =  C,U,0,  -f  2U0, 
,-f-  2(11,) — is  an  example  of  this  kind.  AiKither  example  h  tho 
ftppearance  of  nitrat«8  in  consequence  of  an  oxidation  of  nitrogen  in 
«»««  of  putrefaction,  which  process  is  ordinarily  expUiiie^i  by  the 
BDient  that,  in  putrefjictiou,  ruduciti^s  i^a^ily  oxiili^ible  bodie* 
formed  which  tiplit  oxygen  niu]ucuiL<t;,  liberating  oxygen  tttoma 
which  afterward  oxidize  the  nitrogen.  U  ii>  udsumed  uUo  that  the 
lU  of  the  aninud  tissues  aud  orgaiit)  Imve  the  projwrty  like  these 
rar  orgunisnu^,  wliiuii  cause  fermejitutiou  and  putrefaction,  of 
<!au8tug  splitting  jiruceesea  in  which  easily  oxidizable  suhstanooa, 
perhaps  also  hydrogen  in  ffatu  nasceHtii  (IIoppR-SETLKit').  are 
produced.  The  observations  of  EUKLiru,'  that  certain  blue  color- 
ing matters — alizarin  blue  and  iudopheuol  blue — are  decolorized  by 
Lihe  ttsBaes  of  the  living  animal  and  become  blue  agaitL  on  exposure 
'to  air,  seem  also  to  be  a  proof  of  the  oootirrenue  of  easily  oxiilinabte 
couibiuationa  in  tlic  ti^iinos.  A  further  proof  of  this  is  found  in 
the  observations  of  C.  Li'tivrui  and  Alkx.  Sciiuiut'  that  in  Ibe 
Uood  of  aephyxiatod  auimals,  as  well  m  m  the  absouce  of  oxygon, 
an   ac<:n mutation  of   rodaciug,  easily  oxidiaable  substances  takes 


■  KniMt  RDa.af,  tTnliTsucbunKen  Uber  cMe  OtydAtloa  roa  Elweiwt  in  Qegra- 
WKft  von  4chw«f«l.     IfiHiiK-  thmrt.     RrMlock,  IS81. 
'PaO|;:«rVAnbiT.  Ud    12. 

'p.  CbrlioU,  Doa  S«u«reioiri>ei]UrrDisg  i]<x  OTgaa\'^m\tii      0«rliu,  186S. 
■^ilrbeiWn  aun  dvr  phyxtol   Aii  tu.It  xu  L«-li>9U);.     ISSi. 
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In  accordance  with  what  has  been  stated  above,  we  may  assame 
that  the  oxidation  in  the  animal  body  takes  place  in  the  following 
manner:  The  forces  peculiar  to  protoplasm,*  unknown  to  us,  bat 
acting  similarly  to  heat  or  the  enzymes,  cause  a  splitting,  prodacing 
reducible  and  readily  ozidizable  products  on  one  side  and  difficultly 
oxidizable  products  on  the  other.  The  first  may  be  directly  oxi- 
dized, and  as  they  cause  a  splitting  of  the  moleoalar  oxygen,  setting 
active  oxygen  free,  they  may  also  be  the  indirect  cause  of  the  oxi- 
dation of  the  more  difficultly  oxidizable  substances,  namely  canse- 
ing  a  SECONDARY  OXIDATION.'  The  prodncts  formed  bj  these 
splittings  and  oxidatioua  may  perhaps  in  part  be  burned  within 
the  body  withont  undergoing  further  splitting,  but  they  must  prob- 
ably first  undergo  a  further  splittiug  and  then  succumb  to  consecu- 
tive oxidation,  until  after  repeated  splitting  and  oxidation  the  fiual 
products  of  metabolism  are  formed. 

The  oxidations  in  the  animal  body  have  long  been  designated  as 
a  combustion,  and  such  a  view  is  easily  reconcilable  with  the  above- 
mentioued  views.  In  combustion  in  the  ordinary  sense,  as,  for 
'example,  the  burning  of  wood  or  oil,  we  must  not  forget  that  the 
'Substances  themselves  do  not  combine  with  oxygen.  It  is  only 
after  the  action  of  heat  has  decomposed  these  bodies  to  a  certain 
degree  that  the  oxidation  of  the  products  of  such  decomposition 
^takea  place  and  is  accompanied  by  the  phenomenon  of  light. 
?  The  numerous  intermediary  products  of  decomposition  which 
,we  observe  in  the  animal  body  teach  us  that  the  oxidations  and 
"splittings  of  the  components  of  the  body  do  not  take  place  at  once 
and  suddenly,  but  only  very  gradually,  step  by  step,  until  the  final 
"  products  of  exchange  are  reached. 

A  very  instructive  example  of  such  a  gradual  decomposition 
outside  of  the  organism  has  been  shown  by  Dreohsbl*  in  his  inves- 
tigation on  the  electrolysis  of  phenol  by  an  alternating  current. 
'  By  experiments  with  alternating  electric  currents  we  obtain,  of 
course,  in  the  watery  solution  of  the  substance,  at  each  electrode 
alternately,  oxygen  and  hydrogen  in  great  rapidity.  Therefore 
oxidations  and  reductions  must  take  place  alternately,  and  we 
obtain  syntheses  as  well  as  splittings  with  oxidations. 

If  phenol  in  watery  solution  is  exposed  to  such  an  alternating 

'0.  Naase.  PHQger's  Archiv.  Bd.  41. 

'Joarnal  f.  prakt.  Cliemie  (N.  F.),  Bd.  32,  39,  38:  also  Festacbrift  t.  G. 
Ludwiy,  J887. 
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cnrrent,  we  produce,  li^-  the  coinbineii  action  of  reduction  and  oxi- 
datiou  proc4ns8ee,  u  new  body — hydro-phenoketon,  C,1I,„0 — by  aggre- 
gation of  bydrogeu  ntonu  with  tlie  pimultaneoiie  rapture  of  all 
double  boudg  of  the  beuxol  riug  and  then  uu  oxtdatioii  with  the 

remoTal  of  h.vdrogen  atojua  or  nVl      j^j, .     From  the  bTdro- 

phenoketon  a  componnd  at  the  fatty  aories  is  prodared  by  th« 
fixation  of  O  4-  '2H  accompanied  with  the  splitting  of  the  benzol 

\CH,        -■ 

ring,  namely,  normal  caproic  acid.  C,H„0,,  or  mVv^II^h      f* 

^By  hinber  electrolysis  of  the  caproic  acid,  with  the  remoral  of 

rbori  as  carbon  dioxide  and  of  liydi'ogon  hb  witLer.  a  aorie.^  of  aeida 

rith  decreHfiiitgainuiintsof  carbon  are  obtained,  and  in  thia  way  we 

^.JDiay,  by  properly  directed  combination  of  roJuctiotis  and  oxidationR, 

I  fnmi  a  body  or  Ibe  uroinutic  series  to  a  bmly  of  the  faLiy  serifla, 
and  then  to  tiubtitanceti  in  which  the  amonnt  of  carbon  dccreaises, 
until  the  final  metabolic  prodacta  are  ivKchod. 

Aa  Drei'HBEI,  has  also  found  that  the  same  cIcctro-svntheAes  (of 
area  arid  ]ihenol-giilphurio  acid)  are  produced  by  the  coniinnons 
as  with  the  alternating  current,  aud  since  the  occurrence  of  p\\- 
Tanic  currentn  in  the  bwly  has  been  positively  shown,  I>)tli:('llS^:L 
conciudm  that  not  only  do  syuthese^,  but  also  the  (sombustion  of 
iooda  and  constituents  of  tlie  tit^Hiies,  take  place  in  the  nnimut  liody 
in  PonHef|UHni;e  of  a  fjuick  aucceA^ion  of  reductions  and  oxidations 
produced  in  ehie  way. 

Most  investigators  are  without  donht  agreed  in  the  view  that  a 
united  action  of  oxidation  and  rcdiiccinii  proceiiAes  takrs  pinrte  in 
the  animal  bcKly.  The  viewH  in  rcgtird  to  the  kind  and  origin  of 
this  oo-operaure  action  are  divided.' 

Id  the  previous  pages  wo  hare  apnkcn  of  the  formation  of  active 
oiygou,  but  there  arc  also  investigators  who  do  not  jLiwnt  to  such 
a  theory,  or  at  least  not  entirely.     Tkaube'  has  hronght  Torwurd 
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'M.  yeticki,   Arcli,   drs  Krif-ncvH  biol.   dd  I'ltutitut  lm[»6riiil  d«  Mfirfedae 
»X{M.T.  A  M.  Prttrxlxjarg.     'I'orne  ].  No.  •),  p.  4H3. 

*  Brr.  <].  deatscb.  chetn,  OwelLscli  ,  Bdd    15.  18,  19,  and  !M. 
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powerfnl  argnmenta  against  the  view  that  the  so-called  alow  com- 
bnstion  or  spontaneouB  oxidation  canses  a  splitting  of  the  ozjgen 
molecnle.  He  has  shown  that  this  theory  does  not  account  for 
many  cases  of  anto-oiidation.  Tbacbe  '  for  a  long  time  has  ex- 
plained the  oxidations  in  the  animal  organism  by  the  statement 
that  within  the  organism  so-called  oxygen -carriers  occur  which  act 
similarly  to  nitric  oxide  in  the  snlph uric-acid  manufacture,  where 
oxidation  is  the  result  of  the  absorption  and  liberation  of  oxygen  by 
other  snbstances  which  are  themselves  not  directly  oxidized  by 
molecnlar  oxygen. 

1)e  Rey-Pailhade'  has  been  able  to  isolate  such  a  body  from 
yeast  and  animal  tissues.  He  calls  the  hoij  philothion,  and  it  has 
the  property  of  developing  snlphuretted  hydrogen  from  finely 
divided  sulphur.  This  substance,  which  seems  to  be  a  combination 
of  hydrogen  with  a  hypothetical  radicle,  can  take  up  oxygen  and 
form  water.  The  radicle  set  free  takes  up  hydrogen  from  water  by 
splitting,  setting  free  oxygen,  which  acts  npon  other  bodies,  oxidiz- 
ing them.  The  regenerated  philothion  takes  up  oxygen  again,  and 
so  the  processes  go  on.  Nasse  and  RdsiNO  *  explain  the  observa- 
tions of  De  Rey-Pailhade  in  another  way. 

The  observation  first  made  by  Jaquet*  and  then  positively 
confirmed  by  Salkowski,*  Spitzer,'  Abblous,  and  Biabn^s  '  that 
a  body  similar  to  a  ferment  occurs  in  various  tissues  and  also  in  the 
blood,  which  has  the  property  of  oxidizing  certain  bodies  snch  as 
benzalcohol,  salicylic  aldehyde,  and  dextrose.  Nothing  positive  can 
be  given  at  the  present  time  as  to  the  importance  of  this  oxid<Uion 
fei~ment  in  the  oxidation  in  the  animal  body. 

RoHMANN '  and  SpiTZBB'bave  shown  that  there  exist  oxida- 
tion ferments  in  the  cells  and  tissnes  of  the  body  which  act  as 
oxygen-carriers  in  Teaubb's  sense.  These  bodies,  whose  activity 
is  destroyed  by  heat,  not  only  have  an  action  on  hydrogen  peroxide 

'Traabe,  Theorie  der  Fermentwirkungen.     Berlin,  1866. 

*  Becbercbes  exper.  sur  le  Philothion,  etc.  Paris,  1891,  and  Nouvelles 
rechc-rcbea  nur  le  Philothion.     Paria.  1892. 

'Unters.  Qber  die  Oxydation  voa  Eiweiss  in  Oagenwart  tod  Schwefel. 
Inang.  Dissert.     Rostock,  1891. 

*Arcli.  f.  expt.  Path.  a.  Pliann.,  Bd.  39. 

*Centralbl.  f.  d.  lued.  Wissenacb.,  1893  and  18M. 

•Berlin,  klin.  Wocbeuschr..  1894. 

'Areb.de  Physiol.  (5).  Tome  6. 

'Ber  d.  deiitttrh.  chetii.  litisellscb.,  Bd.  38. 

•PflUger's  Arch  ,  Ud.  6U. 
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bat  also  on  neotrml  oxygen,  whioh  the  anthoni  hare  aIiovh  by 
special  pigment  syntheees,  ThuH  tlie  flyntheses  of  iiidoplienol  from 
a--iiuphLbu]  and  paraiilienyletiitiiuiiiii  only  lake  pUce  gradually  in 
tlio  air  in  the  proaence  of  alkiilt,  wliiUt  a  very  gtiiall  quantity  of  FreBb 
organ  palp  eausoH  an  action  in  a  few  minutes.  'I'lie  oxidation  of 
itiQ  dextrose  in  the  blood,  ihu  go-oatlml  glycolysis,  h  aim  prothured 
by  oxTgcD'Carrierci.  Tlio  auihore  are  therefore  not  of  the  opinion 
that  all  oxidations  of  difticnUIy  contbuatible  bodiea  iit  the  organism 
arc  cansed  by  the  oxygen -oarriers.  The  oxygen -carriers  are  not 
identical  with  the  auto-oxidizable  bodies;  not  those  as  considered 
by  Hori'K-SBTLEK  aa  thecansoof  oxidation,  bat  those  whiub  alwaya 
act  reducing. 

An  important  source  of  the  living  energy  dovolopod  in  the  body 
is  to  be  songbt  for  In  the  oxidation  cfTectBd  by  oxygen  of  strong 
potential  energy,  bnt  bplittind  PKO{'t:»m-:s  arc  olao  important.  In 
those  complicated  chemical  compounds  are  reduced  to  simpler  onea^ 
and  therefore  the  atoms  change  from  a  mobile  cqnilibriiim  1o  a 
stabler  one  and  stronger  chemical  affinities  are  t>atislie<.l,  convurtttig 
ohemicul  potential  energy  into  living  energy  {ris  viva).  The  best* 
kiiovn  example  of  snch  a  splitting  process  outside  of  the  animal 
organism  i*  the  ordinary  alcoholic  fermentation  of  dextrose, 
C,H„0,  =  3C0,  +  2C,H,0,  in  which  process  boat  is  set  free. 
The  animal  body  may  also  have  a  sonrcc  of  energy  in  the  splitting 
processes  which  ore  not  dependent  on  the  presence  of  free  oxygen. 
The  processes  taking  place  in  the  living  muscle  yield  an  example 
of  this  kind.  A  removed  mnscle,  which  gives  no  oxygen  when  in 
a  vacnum,  may.  as  Qkkmann  '  has  shown,  work,  at  least  for  a 
time,  in  an  atmosphere  devoid  of  oxygen,  anil  give  off  carbon 
dioxide  at  the  same  time. 

We  rail  proceaseR  of  splitting  which  are  accompanieil  by  a 
decomposition  of  water  and  then  a  taking  np  of  its  constituents 
hyilroltftic  aplitfings.  These  Aplittingn,  which  play  an  important 
r6Ie  within  the  animal  ho<)y,  and  which  are  most  freqnently  met 
with  in  the  prooees  of  digeiition,  are,  for  example,  the  transforma- 
tion of  starch  into  dextro<ui  and  the  splitting  of  neutral  fats  into  the 
corresponding  fatty  acid  and  glycerin: 


c.ir.(C.,n„o.).  +  311.0  =  c.H.fon),  +  3(r..n„o,). 

Trkinaria  Qiforrin.  Straric  m.m4. 

'Vnlvniichaogen  Qb«r  il«o  HtnfTwcctiMil  it«r  MuHkntti,     tirrliii.  18H7. 
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As  a  mie  the  bjdroljtic  splitting  procoEseB  aa  thej  occur  in  the 
animal  body  maj  be  performed  outside  of  it  bj  means  of  higher 
temperatures  with  or  without  the  simaltaneons  action  of  acids  or 
alkalies.  Considering  the  two  abore-meutioned  examples,  we  know 
that  starch  is  converted  into  dextrose  when  it  is  boiled  with  dilute 
acidSf  and  also  that  the  fats  are  split  into  fatty  acids  and  glycerin 
on  heating  them  with  canstic  alkalies  or  by  the  action  of  super- 
heated steam.  The  heat  or  the  chemical  reagents  which  are  used 
for  the  performance  of  these  reactions  wonld  cause  imcnediate  death 
if  applied  to  the  living  system.  Consequently  the  animal  organism 
must  have  other  means  at  its  disposal  which  act  similarly,  but  in 
such  a  manner  that  they  may  work  withoat  endangering  the  life  or 
normal  constitution  of  the  tissues.  Snch  meaos  have  been  recog- 
nized in  the  so-called  unorganized  ferments  or  enzymes. 

Alcoholic  fermentation,  as  well  as  other  processes  of  fermenta- 
tion and  putrefaction,  is  dependent  upon  the  presence  of  living 
organisms,  ferment  fungi  and  splitting  fungi  of  different  kinds. 
The  ordinary  view,  according  to  the  researches  of  P.^steur,  is 
that  these  processes  are  to  be  considered  as  phases  of  life  of  theee 
organisms.  The  name  organized  ferments  or  ferments  has  been 
given  to  such  micro-organisms  of  wliicli  ordinary  yeast  is  an  exam- 
ple. However,  the  same  name  has  also  been  given  to  certain  bodies 
or  mixtures  of  bodies  of  unknown  organic  origin  which  are  products 
of  the  chemical  work  within  the  cell,  and  wliich,  after  they  are 
separated  from  the  cell,  are  capable  in  the  smallest  quantities  of 
causing  a  decomposition  or  splitting  in  very  considerable  quantities 
of  other  substances  without  entering  into  combination  with  the 
decomposed  body  or  with  any  of  its  products  of  splitting  or  decom- 
position. Such  ferments  are,  for  example,  the  diastase  of  malt  and 
the  ferments  secreted  by  the  different  glands  participating  in  the 
process  of  digestion.  These  formless  or  unorganized  fermenta  are 
generally  called,  according  to  Kuhne,  enzymes. 

A  ferment  in  a  more  restricted  sense  is  therefore  a  living  being, 
while  an  enzyme  is  a  product  of  chemical  processes  in  the  cell,  a 
product  which  has  an  individuality  even  without  the  cell,  and 
which  may  be  active  when  separated  from  the  cell.  The  splitting 
of  invert-sugar  into  carbon  dioxide  and  alcohol  by  fermentation  is 
a  fermentative  process  closely  connected  with  the  life  of  the  yeast. 
The  inversion  of  cane-sugar  is,  on  the  contrary,  an  enzymotic 
process  caused  by  one  of  the  bodies  or  mixture  of  bodies  formed  by 
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the  liviog  (ermeDt,  which  can  Ije  sererecl  from  this  ferment,  and 
still  remains  active  even  after  the  death  of  the  hitter.  Cousequentl; 
lermeuta  and  euzymem  are  capuhle  of  manifestiDg  a  differeai 
behavior  towards  certaju  chemLCuL  reagents.  Thus  there  exist  a 
iiumber  of  Bubetancei;,  luuong  which  we  may  meiitiou  araeuious 
acid,  pheuol,  salicylic  ucid,  bomcic  acid,  chloroform,  ether,  and 
othuns,  which  in  certain  cuuceutratioii  kill  ferments,  but  which  do 
uot  uoticeably  impair  the  actiou  o£  tho  enzymuti.  A  ver}-  wrTiee- 
able  gnbetance  iu  this  regard  ie,  acuordiug  to  tho  iiivetitig&tioiu  of 
Anrni's  and  Ucdbb,'  a  IjS  eolutiou  of  godiimi  tluoride. 

The  enzymes  may  as  above  stated  act  wheu  separated  from  the 
cell,  and  are  thns  oxtraocLlular,  hut  this  does  not  preclude  the  poa- 
•ibiltty  that  we  also  may  liaro  enzymes  which  develop  their  action 
within  the  coll  and  therefore  are  intracellular.  As  an  oxaiiiplo  of 
sach  an  enzyme  we  may  mention  the  enzyme  existing  in  the 
micrococcus  urese  whioh  haii  the  power  of  decomposing  urea,  and 
also  another  enzyme,  prodnced  by  a  bacterium,  which  deconiposiui 
calciam  formate  into  calcium  carbonate  and  hydrogea. 

It  is  doubtful,  indeed  highly  improbable,  whether  it  has  boon 
po«uibIe  up  to  the  present  time  to  isolate  any  enzyme  in  a  pare 
state.  Therefore  tho  nature  of  tho  enzymes  and  their  elementary 
Dompoeition  are  unknown.  Such  as  liai'e  been  obtained  thus  fitr 
appear  in  Ipo  nitrogeniKed  and  to  be -aimilar  in  some  doi^ree  to 
proteid  bodies.  The  enzyiiius  are  considered  05  proteid  bodies  by 
many  inTestigutura,  but  this  opitiiou  has  not  Hudicient  foundation. 
Jt  is  indeed  true  that  the  enzymes  isolated  by  certain  investigators 
act  like  genuine  proteid  bodict>;  but  it  its  undecided  whether  or  not 
the  pro<tucts  isolated  iu  these  instances  wer«  pure  enzymes  or  were 
■  compoeod  of  enzymes  contaniiiiate<l  with  jirotuids. 

The  enzymes  may  he  extracted  from  tho  tissneB  by  moii-iis  of 
water  or  glycerin,  ospeciaLly  by  tho  latter,  which  formH  very  ntuhle 
jfiolutioDs  and  cousequenily  serrea  as  u  means  of  extracting  them. 
'The  enzymes,  generally  speaking,  do  not  appear  to  he  dilTusible. 
They  are  readily  carried  down  with  other  substances  when  these 
precipitate  in  a  finely  divided  state,  and  this  property  is  extensively 
token  advantage  of  in  the  preparation  of  pure  enzymes.* 

The  property   of    many   enzymes   of    decomposing   hydrogen 


■  Archiws  da  Phjuiolo^e.  ifiM.     (S)  Tame  i. 
^BrQctte.  WieD^'f  Stt>ungbberii:ht,  Bd.  43.     1861. 
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peroxide  is,  according  to  Alex.  Sohuidt,'  not  dependent  upon 
the  enzyme,  but  is  caused  by  the  contamiaation  of  the  enzyme  with 
constituents  from  the  protoplasm.  This  coincides  with  the  obser- 
vations of  Jacobson  *  on  emulsin,  pancreas  enzyme,  and  diastase 
that  the  catalytic  property  may  be  destroyed  by  proper  means  with- 
out diminishing  the  specific  enzymotic  action.  The  continued 
heating  of  their  solutions  above  -j-  80°  C.  generally  destroys  most 
of  the  enzymes.  In  the  dry  state,  however,  certain  enzymes  may 
be  heated  to  100°  or  indeed  to  150°-160''  C.  without  losing  their 
power.  The  enzymea  are  precipitated  from  their  solutions  by 
alcohol. 

We  have  no  characteristic  reactions  for  the  enzymes  in  general, 
and  each  enzyme  is  characterized  by  its  specific  action  and  by  the 
conditions  under  which  it  operates.  But  it  must  be  stated  that, 
however  the  different  enzymes  may  vary  in  action,  they  all  seem  to 
have  this  in  common,  that  by  their  presence  an  impulse  is  given  to 
split  more  complicated  combinations  into  simpler  ones,  whereby  the 
atoms  arrange  themselves  from  an  unstable  equilibrium  into  a  mure 
stable  one,  chemical  tension  is  transformed  into  living  force,  and 
new  products  are  formed  with  lower  heat  of  combustion  than  the 
original  substance.  The  presence  of  water  seems  to  be  a  necessary 
factor  in  the  perfection  of  such  decompositions,  and  the  chemical 
process  seems  to  cousist  in  the  taking  up  of  the  elements  of  water. 

The  action  of  the  enzymes  may  be  markedly  influenced  by 
external  conditions.  The  reaction  of  the  liquid  is  of  special  im- 
portance. Certain  enzymes  act  only  in  acid,  others,  and  the 
majority,  on  the  contrary  act  only  in  neutral  or  alkaline  liquids. 
Certain  of  them  act  in  very  faintly  acid  as  well  as  in  neutral  or 
alkaline  solutions,  but  best  at  a  specific  reaction.  The  temperature 
exercises  also  a  very  important  influence.  In  general  the  activity 
of  enzymes  increases  to  a  certain  limit  with  the  temperature.  This 
limit  is  not  always  the  same,  but  is  dependent  upon  the  quantity 
of  enzyme^'  The  products  of  the  enzymotic  processes  exercise  a 
retarding  influence.  Additions  of  various  kinds  may  have  a  re- 
tarding and  others  an  accelerating  action. 

Fbrhi  and  Pernossi  *  have  studied  the  action  of  varions  infla- 

■  Al.  Schmidt,  Ziir  Blutlelire.     Leipzig,  1893. 
•ZeitscUr   f.  pliysiol.  Chemie,  Bd.  16,  8.  340. 
•TaiTimann,  Zeiisclir,  f.  pliysiol.  Chem.,  Bd.  16,  S.  271, 
^Zeitsclir,  f.  Hygiiiue,  Bd.  18. 


SHZYMSa  ANf)  PTOMAiyieS. 


18 


MiOM  on  the  enzymes.  Starting  with  the  aaiumptiou  that  when 
the  free  ions  are  Mt  free  b,v  the  action  uf  eii^ymeti  the  electrical 
cnndactivity  of  the  water  must  he  mised,  0.  Nasse  '  experimented 
n*  ith  aolable  »tarch«  partly  boiled  aud  partly  uuboilud,  und  diaitUuie, 
aud  determiaed  the  reeistonc^e  twcordiug  tu  KuiiLitAt'tM'U''s  mt-thixl 
and  obeorred  a  ooDeiderable  iucrease  in  the  couducttviiy  of  the 
active  diastaao  solatious. 

The  auimal  oiizrincs  are  divided  into  ^urerul  groups.  The  uiotit 
studied  of  these  ar(<  the  hydrolytic  cusymes  found  in  the  iligeatlve 
caual.  The  throe  most  important  groups  are  the  amytolytic  or 
diaetatic,  the  proteolytic  or  those  converting  protoids  into  soluble 
inodilications,  and  tho  sltatolytic  or  fat<splitting  onzymcii.  The 
i-Qagulating  ouzymoE  fomt  a  pQcatiar  group.  The  mode  of  action 
of  them  enzymes,  amongst  which  we  reckon  chjiuoain  (reiinin)  or 
caseintooagolatiug.  and  libriii  ferment  or  blood-coagulating,  is  still 
len  known  than  tho  otbere.  The  manner  in  which  these  enzymea 
work  ia  still  obscare,  but  their  action  may  he  considered,  in 
teverai  reapects,  as  very  cloeely  rehite<.l  to  the  so-calietl  cutnlytic  or 
contact  action. 

Aa  above  stated,  the  eiistymoR  are  of  great  tmportHnco  for  the 
dtemical  proceeees  going  on  in  the  digestive  tract,  but  wo  have  to 
add  that  the  results  of  their  action  are  greatly  complicated  hy 
proceasee  of  pntrefaction  wliioh  take  place  iti  the  ititesthie  at  tho 
Bamo  lime,  and  which  are  aiuBed  by  micro-organismB.  Micro- 
organisms therefore  exercise  a  certain  influence  on  the  physiological 
proccoses  of  the  animal  l?ody.  These  orgiinismiii,  when  they  enter 
the  animal  flitidi)  und  timues  and  dervlop  aud  increase,  are  of  the 
greatest  pathological  importance,  and  modern  bacteriology  in  rela- 
tion to  the  doctrine  of  infectious  dlneasen,  founded  by  Pastkuh  and 
Kocu,  gives  eflicicnt  tel^tinlOIly  to  tlieue  facts. 

Pnirefuction  caut^ed  witltin  the  animal  fluids  and  tissnes  by 
lower  organisms  may  produce,  among  otbcru,  combinations  of  a 
basic  nature.  Such  bodies  wore  lirBt  found  by  Sklmi  in  luimHii 
cadavertt,  and  culled  by  him  cadaver  alkaloidri  or  ptomaines.  These 
ptomainett.  which  have  been  isolated  from  caduvers  and  Hoiue  from 
putrefying  proteid  mixtnrua,  have  been  closely  studied  by  Sej^i/ 


<  BoHUwkttr  ZciiuiiK.  IBM. 

*linlli!  ptotnsiiHt  od  klcaloidl  <»Javerici  «  Ion  importaaiA  In  loaaJcologli 
Balogoa.  1878.     Bcr  d  deutacb.  chem.  tieulilseh.,  Bd    11. 


W  INTRODUCTION. 

Bbieoer,'  and  Gautier,*  and  are  considered  as  products  of  chem- 
ical processes  caused  by  putrefaction  microbes.  The  first  ptomaine 
to  be  analyzed  was  colUdin,  0„H„N,  obtained  by  Nencki,'  on  the 
putrefaction  of  gelatin.  Since  then  many  ptomaines  have  been 
anlayzed  by  Gautier,  and  especially  by  Bbieoeb.  Certain  of  the 
ptomaines  originate  undoubtedly  from  lecithin  and  other  so-called 
extractives  of  the  tissues,  but  the  majority  seem  to  be  derived  from 
the  protein  substances  by  decomposition. 

Some  ptomaines,  although  all  belong  to  the  aliphatic  series, 
contain  oxygen  and  others  are  free  from  oxygen.  Tlie  majority  of 
the  true  ptomaines  belong  to  the  latter  group.  Most  of  the 
ptomaiues  isolated  by  Bkieoeb  are  diamines  or  compounds  derived 
from  the  same.  Amongst  the  diamines  we  have  two,  cadaverin  or 
pentamethylendiamin,  CjH,,N„  and  putrescin  or  tetramethylendi- 
amin,  C,1I„K,,  which  are  of  special  interest  because  they  have  been 
found  in  the  intestinal  tract  and  urine  in  certain  pathological  con- 
ditions, namely,  cholera'  and  cystinuria.*  Some  of  the  ptomaiues 
are  exceedingly  poisonous,  while  others  are  not.  The  poisonons 
ones  are  called  toxineSy  according  to  the  suggestion  of  Brieger. 

The  formation  of  sach  toxines  in  the  decompositions  caused  by 
putrefactive  microbes  makes  it  probable  that  the  lower  organisms 
acting  in  infectious  diseases  also  produce  poisonous  substances 
which  may  cause  by  their  action  the  symptoms  or  complications  of 
the  disease.  Bkieoer,  who  has  become  prominent  by  his  stud^ 
of  this  subject,  has  been  able  to  isolate  from  typhus  cultures  a  sub- 
stance calleil  fypholoxm  which  has  a  poisonous  action  on  animals; 
and  he  has  also  prepared  another  sabatance,  tetanin,*  from  the 
amputated  arm  of  a  patient  with  tetanus,  animals  inoculated  with 
which  die  exhibiting  symptoms  of  developed  tetanus. 

As  above  stated,  the  chemical  processes  in  animals  and  plants 
do  not  stand  in  opposition  to  each  otber;  they  offer  diSerencea 

■  Uet>er  Ptomalae.  ParU  1,  2,  and  S.     Beriio.  1885-1886. 
*TrBite  de  cbiuiie   appliqu6e  &   ta  pbysiologie.   Tome  2,  1878.      Gompt, 
randus.  Tome  94. 

•  Uuber  die  ZcrBotzung  der  Gelatine,  etc.     Bern,  1878. 

*  Brieger,  Berlin,  klin.  Wocbenachr. ,  1887. 

'Baumann  and  Udransky.  Zeitscbr.  f.  phjsiol.  Chem.,  Bdd.  18  and  15; 
Brieger  find  Stadthagen,  Berlin,  klin.  Wochenachr  ,  1889.  i 

*Brie<rer.  ArcU.  f.  patlioi.  Anal..  Bdd.  il2  and  115.  Also  SitiungBbar.  d. 
Berl.  Akad.  d.  W.,  1889.  and  Berl.  klin.  WochenscUr.,  1888. 
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indoed.  but  still  thcr  are  of  tlic  same  kind  fmm  n  iinalitatlvo  stand- 
point. 

PrLilOEB  sajs  tbat  there  existe  a  bloud-rdntioiisliii)  belKoen  aU 
liTing  cells  of  the  tknimal  and  Tegetable  kingdonut,  aud  tliat  the; 
^originate  from  the  same  root;  and  if  the  or^iiit^niu  CMiiiiiitfting  of 
rene  cell  can  decompose  protein  siibHtAnces  in  such  a  nmiiner  as  to 
prodace  poisonons  »ubRbiiiceri,  why  slioiitd  not  the  animal  body, 
which  is  oniv  n  colletaioti  of  cella,  be  abtt)  to  |iroiItir«  ntider 
'phTsiological  oondition^  similar  jioiiHMiniiH  miliKtaiirusV  It  has  been 
knoirn  for  a  long  time  that  ttie  animal  body  iKwseuea  thia  ability 
to  a  great  extent,  and  at)  well-knowD  ovidfln(?ei>f  Ihia  ability  we  may 
mention  varionii  iiitrogeiii7.ed  exlructiveie  and  {iniiiorioii!)  ooriRiititenls 
of  the  secretionn  of  certain  animals.  Thoae  sabatiiuceii  of  basic 
nature  vhlch  are  incesiantly  and  regnlarty  produced  aa  ])rodii(^tfi  of 
the  decomposition  of  the  protoin  Hubdtanccs  in  the  living  organism, 
and  which  therefore  are  to  bo  considered  as  prulucts  of  the  physi- 
ological  exchange  of  material,  have  been  oallod  leHcomahien  by 
Gaittier'  In  contradiRtinctiot)  to  the  ptomaines  and  toxJne!i  pro- 
dnccd  by  micro-organiamB.  ThcBo  bodies,  to  which  belong  scrcral 
well-known  anitnJil  extractives,  were  iBolated  by  fiAi'TiKii  from 
animal  titune*  such  aa  the  mnsclea.  The  hitherto  known  leiico- 
maines,  of  which  a  few  are  poisonoua  in  amall  amoiinu,  belong  to 
the  cbolin,  the  nric  acid,  and  the  crcatinin  group. 

The  lencomaincs  arc  considered  as  "being  of  certain  importance 
I  «a  cansei  of  disease.    It  has  been  contended  that  when  tbette  bodies 
aceomalate  on  acooont  of  an  incomplete  excretion  or  oxidation  in 
the  system,  an  aato-iotoxication  may  bo  produced  (UorctiAun '). 

The  toxinoA  and  the  poisonons  leucomaines  are,  however, 
neither  the  only  nor  the  most  active  poison  prodticed  by  the  plaiit 
orouimal  cell.  Later  inre^  ligations  have  shown  that  certain  plants 
u  well  08  animals  can  produce  proteids  which  are  exceedingly 
poisonons.  Sach  poisonous  pmteids  have,  for  example,  been 
Isolated  from  the  jequirity  and  castor  hctans,  as  also  from  the  vetiom 
of  snakes,  spiders,  and  other  animals.  The  toxic  proteids  produced 
by  pathr^nic  micro-organ ismn  are  of  Kpecial  interest.  Proteids 
hive  been  isolated  from  the  cnltarea  of  various  pathogenic  microbes 


'Ball.  KM.  chim..  43.  and  A.  Okutipr.  Sur  lea  alcalAldes  derives  At  1ft  de* 
ritraeiion  hacl^rlonne  ou  phjsiAlo^tiuf  Aft.  linnun  Animaiis.      Paria,  1B86. 

*  Boochatd.  Lrfons  stir  les  Kut«-iDloxic«ttons  daiu  1«0  tuAladuM.    I*ui«,  1867. 
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within  the  last  few  years  (Bbibqbb  and  Fbankel')  which  are 
exceedingly  poisonoas,  and  which  reproduce  the  B^niptoms  of  the 
infection  more  exactly  than  the  toxine.  These  proteids  have  been 
called  toxalbumtns  by  Bbiegeh  and  Fbankbl. 

It  is  of  great  interest  that  we  know  also  of  proteid  bodies  some 
of  whitih,  like  the  so-called  alexmes  in  the  blood  serum,  have  a 
germicidal,  or  bactericidal  action,  while  others  make  the  animal 
body  immune  against  infection  with  a  certain  microbe  or  protect 
the  body  against  the  poison  produced  by  the  microbe.  The  great 
iinportauce  of  these  observuticns  is  apparent,  but  as  it  is  not  within 
tins  hinge  of  this  book  we  will  not  further  discuss  the  subject. 
I'he  nature  of  these  remarkable  proteids  will  be  given  somewhat  in 
detail  in  the  following  chapter. 

>  Berl.  klin.  Wochetuchr.,  1690. 
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'tit  chief  TTmss  of  the  or^m'c  coniititacnts  of  animal  tissues 
conaiutB  of  amorphons,  uitrogeiiixed,  very  complex  bodies  of  liigh 
molecalar  weight.  Tlieae  bodiics,  which  are  either  proUiida  in  a. 
Rpecial  ttetiM  or  bodies  nearly  related  thereto,  t4ike  first  rank  among 
the  organic  constitnents  of  the  animal  body  on  acconnt  of  their 
great  ubimdance.  For  this  reason  they  are  classed  tofrother  in  a 
Bpecial  jrronp  winch  Iim  received  the  name  protein  ^roup  (from 
TTfioTfvo,  1  ani  the  first,  or  take  the  tinrt  place).  Tlie  bodies 
t>e1onpng  to  these  Heveral  gronpR  are  called  protein  substanceSy 
although  in  a  feir  cn^es  the  proteid  bodies  in  u  special  sense  ara 
designated  by  the  same  nunie. 

The  several  protein  stiMnnces  contain  earbwi^  hydrogen,  ni- 
Iroffcn,  and  oxygen.  The  majority  contain  also  sulphur,  a  few 
pfiospkorus,  and  a  few  also  iron.  Copper  ha«  been  fonnd  in  some 
few  cases.  On  heating  the  protein  snbstances  they  gradually 
decompose,  prodncing  inflammable  gases,  ammonim-Al  conijH)Uud8, 
carbon  dioxide,  water,  nitrogenizeit  baeen,  as  weil  as  many  other 
bodt««.  and  at  the  same  time  they  emit  a  strong  otior  of  burnt  horn 
or  wool.  More  highly  healed  they  leave  n  porous,  shining  mawuf 
uorboQ,  and  when  this  ie  thoroughly  burnt  an  ash  is  obtained  oon- 
nstiug  chiefly  of  culciiim  and  magnesium  phosphates.  The  ques- 
tion whether  the  mineral  bodies  left  by  bnming  exist  as  im])urities 
or  whether  they  are  conetitaents  of  the  protein  molecule  has  not 
been  decided. 

It  IB  at  present  impossible  to  decide  on  a  classification  of  tlia 
protein  mbstatices  based  ujion  their  properties,  reactions,  and  con- 
stitntion,  as  well  as  upon  their  aolubilitiee  and  precipitations, 
corresponding' to  the  demand k  of  science.  The  best  classification 
is  perhaps  the  following  systematic  numomry  of  the  better  known 
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and   studied   animal   protein   Bubstances,  doe   chiefly  to  Hoppe- 
Seyler  and  Drechsel.' 

Z.  Simple  Froteids  or  Albuminoiu  Bodies. 

iSeralbtwiin, 
Ovalbumin, 
Lactalbumin. 
'  Serglohnlin, 
Fibrinogen, 
Myosin, 
Musculin, 
Crystnllin, 
Vitellins  (?). 
f  Casein, 
'  I  Ovovitellin  (?),  and  others. 

...       ,     .  I  Acid  albuminate, 

AlbTimuiates \   ,,,,.„ 

(  Alkali  albuminate. 

AlbomoBeB  aud  Peptones. 

_        \  f  Av    f  a    ^  Fibrin, 
^  I  Proteids  coagulated  by  heat,  and  others. 


Olobnlim . 


Kacleo-albamiiis . 


n.  Compound  Proteids. 


HsemofflobinB. 
Olycoproteids 


Mucins  and  Mucinoids, 
Hyalogena, 
Ichthulifi, 
Helimproteid. 
.  ,  (  Kucleokision, 

^  '  ■  ■'  {  Cyioglobm,  and  others. 

m.  Albumoids  or  Albuminoids. 
Keratin. 
Elastin. 
Collagen. 
Retionlin. 
(Amyloid.) 

(Flbrots,  SerieiB.  Conwln,  Bpon^n,  ConoUolln,  Byimi,  uid  others.) 


■See  " EiweisskOrpet,"  Ladeoburg's  UandwOrterbach  der  Chemie,  Bd.  8. 
S.  0.14-589. 
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To  this  6unimarj  mtist  he  added  that  ive  often  Snd  id  the 
inTestigation^  of  unimul  lliiidi^  luid  tiHsueu  protein  substaucee  which 
do  not  coincide  with  the  above  sclienie,  or  do  w  only  with  difficultj. 
At  the  same  time  it  must  be  remarked  that  bodies  will  be  found 
which  seem  to  rank  between  ihc  ditTereut  groups,  henoe  it  is  very 
difiicult  to  shiirj)!;  divide  tlicse  gruups. 

I.  Simple  ProtnidH  or  Albmniiioiis  BodicH. 

The  simple  prouida  are  ncror-failin;^  conBtituents  of  the  animal 
and  vegetable  organigms.  They  are  cspMiHUy  found  in  the  auimid 
body,  where  they  form  the  aolid  con^titueut^  of  the  muscles, 
glands,  and  the  bloixl  serum,  nnd  they  ore  so  generally  distributed 
that  there  are  only  a  few  animal  secretions  and  excretions,  sucli  as 
the  tears,  perspiration,  and  })erhapB  urine,  iu  whicli  they  are 
entirely  absent  or  only  occnr  as  truces. 

All  albuminous  bodies  contain  carbon,  hy<!r<ijf«n^  mtroffen^ 
inygen,  and  sidphur;'  «  few  contain  also  pkor}>horHs.  Iron  is 
generaUy  found  in  Iraoes  in  their  asli,  and  it  seems  to  be  a  regular 
constituent  of  a  certain  group  of  the  albnniinoua  bodies,  namely, 
the  naclco-ulhumins.  The  uonipositiuu  of  the  dilTerent  albuminous 
bodies  varies  a  little,  but  the  vuriattoua  are  within  relatively  close 
limita.  For  the  belter  studied  uniuiul  proteids  the  foUuwlng  coiti- 
poeitiou  of  the  ash-free  substance  tuts  beeu  given: 

C 50.ti    —  54.5  per  cent. 

H 6.6    —    7.3       " 

N 15.0    —17.6       " 

S 0..^    —    3. a       " 

P 0.42  —    0.85     " 

0 21.50  —  33.50     " 

A  part  of  the  nitrogen  of  the  prnteid  molecule  is  loosely  com- 
bined  sad  splits  ofT  easily  as  ammonia  by  the  action  of  alkalies 
(N&ssB*).     Sulphur  shows  the  same  pmporty  iu  nearly  all  albiimi- 


*  An  siaeptifin  is  fi)un<l  in  the  mvoi|irD:em  of  putrefnction  bftctrri*  and  the 
■othnixpmteiD  of  lli«aaUirBX  bncilluH,  wbicli  are  snlpbnr-fre«  protetds.  See 
Nimcki  uil  BcliafTcr.  Jourti.  f.  prakt.  Chem..  Bd.  30 (N.  F.),  and  Ni-ucki,  Ber. 
d.  dAntocli.  eb«in.  (icscllsoh. .  Bd.  17. 

■PflO^r'*  AreliiT.  ild.  6. 
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Doas  bodies  (Fleithann,'  Danilewskt,'  KrCger').  A  part  of 
the  sulphur  separates  as  potassium  or  sodium  sulphide  on  boiling 
with  caustic  potash  or  soda,  and  may  be  detected  by  lead  acetate. 
What  remaiuB  cao  oaly  be  detected  after  fusing  with  nitre  aiid 
sodium  carbonate  and  testing  for  aulphates.  The  proteid  molecnle 
therefore  contains  at  least  2  atoms  of  snlphur.  The  molecular 
weight  of  the  proteids  bas  not  been  determined  with  accnracy  up 
to  the  present  time,  therefore  it  is  impossible  to  give  them  fonnulie. 
The  molecular  weight  of  ovalbumin  as  determined  by  Sabanejew 
and  Alexandbow  *  is  about  14.300.  For  the  alkali  albuminate, 
in  whose  formation  from  native  albumins  a  part  of  the  nitrogen  and 
the  loosely  bound  sulphur  is  split  off,  Lieberkuhk  has  given  the 
formula  C„H,„N„SO„. 

The  constitution  of  the  proteid  bodies,  notwithetanding  nnmer- 
ouB  investigations,  is  still  unknown.  By  heating  proteids  with 
barium  hydrate  and  water  in  sealed  tubes  at  150° -300°  C.  for 
several  days,  Schutzenbergeb  '  obtained  a  number  of  products 
among  which  were  ammonia,  carbon  dioxide,  oxalic  acid,  acetic 
acid,  and,  as  chief  product,  a  mixture  of  amido-acids.  This  mix- 
ture  contained,  besides  a  little  tyrosin  and  a  few  other  bodies, 
chiefly  acids  of  the  series  C,H,,+iNO,  {leucines)  and  C„H„_iNO, 
{leucetnes).  The  leucines  and  leuceines  are  formed  from  more 
complicated  substances,  with  the  general  formula  C„H,„N,0,,  by 
hydrolytic  splitting.  These  substances  are  called  giucoproteins  by 
Schutzenbergeb  on  account  of  their  sweet  taste.  The  sulphur  of 
the  proteids  yields  sulphites.  The  three  bodies,  carbon  dioxide, 
oxalic  acid,  and  ammonia,  are  formed  in  the  same  relative  propor- 
tion as  in  the  decomposition  of  urea  and  oxamid;  therefore  Schut- 
ZENBERGER  suggests  that  perhaps  albumin  may  be  considered  as  a 
very  complex  nreid  or  oxamid.  Such  a  conclusion  cannot  be 
derived  from  the  above  decomposition  processes  for  several  reasons, 
and  the  attempts  to  prepare  urea  directly  by  oxidation  have  also 
given  negative  results. 

On  fusing  proteids  with  caustic  alkali,  ammonia,  mercaptap,  and 
Other  volatile  products  are  generated;  also  leucin,   from   which 

<  Anoal.  <l«r  Chetn   und  Pharm.,  Bd.  66. 

■Zeitschr.  f.  physiol.  Ch«m.,  Bd.  7. 

»PflQger'8  Archiv.  Bd.  48. 

*See  Male's  Jabresber..  Bd.  31,  S.  11 

*  Annal.  de  Cbim.  et  Phys.  (5),  16,  aod  Bull,  soc  cbim  ,  28  and  34. 
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volatile  futty  acids,  Buoh  as  acetic  acid,  valerianic  acid,  and  oXm 
butyric  aciil,  are  foriiicil ;  aitd  UtobIii,  fnim  wliich  plieiiol,  intlol, 
and  akatol  are  imxl need.  On  boiling  wiili  mineral  acidci,  or  still 
better  by  boiling  with  liydrnclilorio  acid  and  tin  cbloriile  (Ulasi* 
WETZ  and  HA»KnMANK').  the  proteids  yield  amido-acida,  anch 
us  leucin,  u8|Mirtic  iicid,  glutaDiic  acid,  and  tyro^in  (tuid  from 
vegetable  albumin  Hcni'iJiB  and  it.vitniERi*  obtHinett  <r-plieny[- 
ainiilopropionic  acid),  ultio  );nlpliiii-et.ted  liydrnguri,  anirnoniii,  and 
nitrogenized  Itasca  (DiiKcnsici.*).  An  an  eaaential  difTerence 
between  the  action  of  acids  and  alkalies  (barium  hydrate)  on 
albnniins,  DnncnsRi.  ^uggcsU  that  by  ttie  action  of  acids  carbon 
dioxide,  oxalic  and  acetic  ucids  are  not  prrHluced. 

Amongst  the  biutm  obtuinod  by  Dke('[(ski.  from  casein  and 
by  bia  pupiU  E.  Kisl-hkh  mid  M.  SjEdi'KrKn '  from  other  proteids 
and  gf^lutinc  on  boiling  with  hydrochloric  acid  and  tin  cliloride,  we 
have  one  having  the  formula  C,H„\,0,  or  C,H„N,0  -f  11,0,  which 
Aecms  to  bo  liomologoug  to  creatin  or  creatiuin  and  called  lysatin 
or  lyaatinin  by  Dhkchsei..  On  IwiUng  lysatinin  with  baryta- 
water  it  yields  urea  amungst  other  cleavage  products,  and  it  ia 
tlicroforc  possible  to  prepare  nrou  artificiiUly  frotti  albumin,  without 
oxidation,  by  the  liydrolvsis  of  this  base.  Another  substance, 
called  /y*iM,  has  the  formnla  C,H„N,0,,  From  its  formula  we  find 
that  it  ia  homologone  with  oniitkin.  CJI,,N\0,  {Jwvi),  which  it 
resembles  in  certain  respects  (see  Chapter  W).  Lysiu,  which  ia 
prohithly  diamidocaproio  acid,  and  lysatinin  have  been  shown  by 
OuKriisEL  and  IIklun  to  lie  produced  in  the  tryptic  iligestion  of 
fibrin.  Dieccuskl'  also  fonnd  diamidoacetic  acid  atnongst  the 
clcavnge  products  of  casein. 

I*roteid«  are  decomposed  by  the  action  of  proteolytic  enrymes  in 
the  presence  of  water.  First  proteid  bodies  of  lower  molecular 
weight  are  formed^albamoses  and  peptonfis — and  then  on  farther 
decomposition  amido<acids  nuch  lut  Itnicin,  tymsiii,  and  aspiirtic 
acid.     Both  lyain  and  Ij-aatinin  may  be  produced  ou  far-reaching 

■  Antwl.  d.  Chem.  u.  Pliorm.,  Bdcl.  IGO  a.nd  169. 

'Her.  d  dentocb.  clK-m.  Opwltxr-h.,  Bd.  Ifk 

'RUxunfcnber.  d.  maili.pliys.  KIubp  lier  k.  s&rlis.  Ues*llBcli  d.  WUsvn- 
ftcUrivn.     18tj9. 

*Dr»chsel  givea  a  eoinplMo  totIow  o(  bis  own  ftmi  Uia  pupils  FJKlwr, 
Sia^riod  knd  lledln's  InTPfltk^^llnnH  on  tliU  sabjact  in  Ou  BoiB-Heymond's 
AtcLiv,  1881     "  rier  .\bi»ia  di-r  KlwCijiwUiffc." 

■Ber.  d.  k.  aScbii.  UoMltscb.  d.  Wjbm&scIi.,  li)99. 
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decomposition  (in  tryptic  digestion).  On  the  extensive  decompoei- 
tion  a  cbromogen  may  also  be  formed,  which  gives  a  violet  color 
with  chlorine-'  or  bromine-water.  This  cbromogen,  which  is  formed 
in  all  far-reaching  decompositions  of  proteids  where  lencin  and 
tyrosin  are  formed,  is  called  proteinockromogen  by  Stadelmank  ' 
and  tryptophan  by  Neumeisteb."  Nencki  '  considers  this  cbromo- 
gen as  the  mother  snbstance  of  varioue  animal  pigments.  Nencki  * 
has  fotind  on  the  addition  of  bromine  to  the  digestiro  fluid  contain- 
ing proteinochromogen  that  at  least  two  diflerent  bodies  containing 
different  quantities  of  bromine  are  produced.  Both  bodies  show, 
although  not  obtained  qnite  pure,  a  close  relationship  to  certain 
animal  pigments  in  regard  to  elementary  composition.  One  stands 
close  to  hsematoporphyrin,  or  bilirubin,  and  the  other  to  the  animal 
melanins. 

A  great  many  substances  are  produced  in  the  putrefaction  of 
proteids.  First  the  same  bodies  as  are  formed  in  the  decomposition 
by  means  of  proteolytic  enzymes  are  produced,  and  then  a  further 
decomposition  occurs  with  the  formation  of  a  large  number  of 
bodies  belonging  to  both  the  alipathic  and  aromatic  series.  Belong- 
ing to  the  first  series  we  have  ammonium  salts  of  volatile  fatty 
acids,  such  as  caproic,  valerianic,  and  butyric  acids,  also  carbon 
dioxide,  methane,  hydrogen,  sulphuretted  hydrogen,  methyl- 
mercaptau,*  and  others.  The  ptomaines  also  belong  to  these 
products  and  are  probably  formed  by  very  different  chemical 
processes  or  even  syntheses. 

E.  Salkow8Ki'  divides  the  putrefactive  products  of  the  aro- 
matic series  into  three  groups;  (a)  the  phenol  group,  to  which 
tyroain,  the  aromatic  oxy-acids,  phenol,  and  cresol  belong;  {h)  the 
phenyl  group,  including  phenylacetic  acid  and  phenyl  propionic 
acid;  and  lastly  (c)  the  indol  group,  which  includes  indol,  skatol, 
and  skatolcarbonic  acid.  These  various  aromatic  products  are 
formed  during  the  putrefaction  with  access  of  air.  Nencki  and 
BovET '  obtained  only  p.-oxyphenylpropionic  acid,  phenylpropiooie 
acid,  and  skatolacetic  acid   on   the  putrefaction  of   proteids  by 

<  Zeitachr.  f.  Biologie,  Bd.  28. 

»/Wd..S.  329. 

*Schweizerische  Wochenschr,  f.  Pbarmacie,  1891. 

*Ber.  d.  deutscb.  cbem.  Qeseilscb.,  Bd.  38. 

'See  Nencki  and  Sieber  :  Monatshefte  f.  Cbem.,  Bd.  10. 

•Zeitschr.  f.  pbysiol.  Cbem.,  Bd.  12.  S.  215. 

'  Moostabefte  f .  Cbem.,  Bd.  10. 


ftDnfrobic  schizomycetes  in  tho  abEencB  of  oxygen.  Those  thratt 
acide  arc  produced  by  tho  action  of  uascent  hydrogen  on  tho  corre- 
qwndiug  amido-acid,  iiunioly,  tyrosin,  pbcnylamidopropionic  ucid, 
and  skatoloinidoacntic  acid,  and  thoso  tlirRO  I aat -mentioned  amido- 
acida  exist,  according  to  Xexcki,  prefomiod  in  the  proteid  inolo- 
cnle. 

On  tlie  putrefaction  of  protoids,  a«  well  ae  their  decomposition 
by  means  of  acids  or  alkalies  and  also  by  certain  enzymes,  among 
other  products  oniido-acids  are  produced,  and  these  have  a  cortaiu 
significance  for  the  probable  fomintion  of  the  protoida.  It  is  more 
than  likely  that  in  the  synthcsiH  of  protcids  in  the  plant  from  the 
ammonia  or  the  nitric  aeid  of  the  soil,  omido-acids  or  acid  amids, 
among  which  asftaragiii  plays  an  important  r<Mc,  are  pniduccd;  and 
from  these  the  albuminous  bodies  are  dcrivod  by  the  influonce  of 
glncoae  or  other  noti-nitrogonizod  combinations. 

Sinoe  Ghiual'X  '  rrm  able  to  prepare  by  aynthctical  means  from 
Afflido-Bcids  bodies  which  in  cortiun  regards  were  similar  to  pro- 
tan  anbatauccs,  so  lator  St'u(!TZt!NBEiiouH/  by  heating  a  mixture 
of  IcQcinoa  and  leuceines  witli  nrca  and  phospliorio  anhydride, 
obtained  a  substance  irbich  vnaso  similar  to  peptone  iu  ite  behavior 
with  MTeral  reagents  that  it  waa  called  psetidopeptone.  The 
synthetical  preparation  of  protein-like  snhstancos  by  LiLiENFt:Li> 
»nd  WoLKowicz*  in  Kossel's  laboratory  is  of  great  importance. 
The  expcrimonta  started  from  the  observation  of  Olktils  ond 
OoBBBL  that  omidoaoetic  acid  etbylester  readily  splits  with  the 

Reparation  of  a  base  whose  formula  is  probably  NH<p/v*».j|"'f|,|« 

according  to  IjI1.ikvpki.»  and  Wolkowilz,  and  that  this  baae  or 
it«  carbonate,  when  wanned  with  water,  is  transformed  into  a 
floccalent  body  similar  to  gelatine.  This  body  behaves  with  reagents 
and  also  in  regard  t«>  eteiuentary  composition  exactly  like  gelntine, 
and  its  conibiuatiou  with  hydrochloric  acid  has  the  same  competi- 
tion ad  gintinpeptone-bydrocbloride  as  prepared  by  Paal.  On  the 
condensation  of  Other  amido-ncid  estera,  namely,  the  amido-acId 
ester  of  leucin  and  tyrosin  with  aniidoacetic  acid  eltbylester, 
LiLiKKPELD  and  WoLKOincz  have  been  able  to  prejtare  a  substance 
which,  aa  f ar  as  inTwtigated,  does  not  differ  in  any  regard  from  tke 

'Oompt.  r«Ti(I.,  Tome  93,  and  Ball,  de  laaoc  cbim.,  Tome 42. 

•Compl.  nuA  .  Tuuie  104  atiil  112. 

■Da  BolH-licymond'o  Aroli..  1094,  pbyBiol.  Ablli.,  S,  883 and  MS. 
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peptones  or  albamoses  except  in  the  lack  of  aalphnr.     They  have 

also  prepared  synthetically,  by  means  of  a  method  not  completely 

described,  a  body  which  acts  like  native  albamin  coagulated  by 

heat. 

By  the  oxidation  of  Blbumin  in  acid  solutions,  volatile  fatty  acids,  their 
aldebydes,  aitriles,  ketones,  as  well  as  benzoic  acid  araobtained,  also  hydrocyanic 
acid  by  oxidizing  with  potassiuDi  dichiomate  and  acid.  Nitric  acid  gives  rarions 
nitro-products,  such  as  xanthoproteic  acid  (vak  der  Pant's),  trinitioalbumin 
(LoEW)  or  oxynitroalbumin,  nitrobenzoic  acid,  and  others.  With  aqua  regis 
fiiinaric  acid,  oxalic  acid,  ctilorazol,  and  other  bodies  are  produced.  By  the 
action  of  bromine  under  strong  presaure  a  large  number  of  derivatives  are 
(ibtHined,  such  as  bromanil  and  tribromacetic  acid,  bromoform,  lencin,  lencin- 
iiiiid,  oxalic  acid,  tribromami do- benzoic  acid,  peptone,  and  bodies  similar  to 

lllUIIIIS. 

\^y  the  dry  distillation  of  albumin  we  obtain  a  large  number  of  decomposi- 
tion products  of  a  disagreeable  burnt  odor,  and  a  porous  glistening  mass  of 
carbon  containing  nitrogen  is  left  as  a  residue.  Tbe  products  of  distillation  are 
partly  an  alkaline  liquid  which  contains  ammonium  carbonate  and  acetate, 
ammonium  sulphide,  ammonium  cyanide,  an  inflammable  oil  and  other  bodies, 
and  a  brown  oil  which  contains  hydrocarbons,  nitrogenized  bases  belonging  to 
tbe  aniline  and  pyridine  series,  and  a  number  of  unknown  substances. 

It  is  impossible  here  to  discnss  all  the  products  obtained  by  the 

action  of  different  reagents  on  the  albnmins,  bat  from  the  above- 

described  decomposition  products  from  proteids  it  is  clear  that  the 

products  belong  in  part  to  the  fatty  and  in  part  to  the  aromatic  series. 

Observers  are  not  decided  whether  one  or  more  aromatic  groups 

exist  preformed  in  the  proteid  molecule.     According  to  Nencki 

the  proteids  contain  three  aromatic  groups  as  mentioned  above:  the 

tyrosin  (oxyphenylamidopropionic  acid),  the  phenylamidopropionic 

acid,  and   the   skatolamidoacetic   acid.     Malt'   considers  it  not 

necessary  to  recognize  more  than  one  aromatic  gronp  in  tbe  proteid 

molecale. 

By  the  oxidation  of  albumin  by  means  of  potassium  permanganate,  Mai.t 
obtained  an  acid,  oxypn)tosulphonic  acid,  C  51.21  ;  H  6.89 ;  X  14.!)d ;  8  1.77  :  0 
35.54,  which  is  not  a  product  of  splitting,  but  an  oxidation  product  in  which 
the  group  SU  is  changed  into  SO, .OH.  This  acid  does  not  give  the  proper  color 
reaction  with  Millon's  reagent  caused  by  aromatic  monohydroxyl  derivatives 
(see  below),  not  does  it  yield  the  ordinary  aromatic  splitting  products  of  tlie 
proteids.  Still  the  aromatic  group  is  not  absent,  but  it  seems  to  be  tn  anotber 
binding  from  that  in  ordinary  albumin.  On  oxidizing  with  potassium  dichro- 
mate  and  acid  tbts  group  appears  as  benzoic  acid,  and  on  fusing  with  alkali 
benzol  is  given  off. 

The  animal  albuminous  bodies  are  odorless,  tasteless,  and 
ordinarily  amorphous.  The  crystalloids  (Dotterplattchen) 
occurring  in  the  eggs  of  certain  fishes  and  amphibians  do  not 
consist  of  pore  proteids,  bnt  of  proteids  containing  large  amounts 

>  Sitzungsber.  d.  k.  Akad.  d.  Wissensch.  Wien,  Abth.  II,  1885,  and  Abth. 
II,  lf)88-     Also  Monatshefte  f.  Chem.,  Bdd.  6  and  9. 
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of  lecithin,  vhich  aoems  to  be  oombiaed  witii  mineral  itiibfttanoes. 
CrystalliDe  prot^ids'  Iiatg  been  prepared  from  seeds  of  various  pUntit, 
sod  Utci;  cryBtallizod  aninml  proteids  liave  b«eii  prepared  by 
UOFMKINTKK.'  In  tbo  dry  condition  the  albuminouet  bodies  ap[>ear 
aa  a  wtutt*  powdor,  or  when  in  thin  layere  ae  Yellowish,  hard,  trane- 
parent  plates.  A  few  are  soluble  iu  wuler,  others  only  soluble  in 
salt  or  faintly  alkaline  or  acid  solutiouit,  while  othont  are  insoluble 
in  the«e  GolrDnts.  All  ulbumiuouis  Lodien  when  burnt  leave  an  atib, 
and  it  is  therefore  i|ue»tionable  whether  there  exists  vaxy  pruteid 
body  which  is  soluble  in  water  without  the  aid  uf  mineral  sub- 
stances.  ^everthelesB  it  has  not  been  thus  far  liuucuitsfiiliy  ])roFed 
that  a  native  albuniinous  body  can  be  ])rHpured  })erfeotly  free  from 
mineral  Hnbatancea  without  uliniiging  itu  constitution  or  it>H  proper- 
ties.' The  albiiniinons  hndioh  are  in  moflt  caaee  strong  colhtirlti. 
They  dilTiiM!,  if  at  ull,  only  very  slightly  through  animal  monibraneH 
or  pi»rchinent-|iHper,  and  tht'  proteida  therefore  have  a  very  hi^h 
oeniutic  equivalent.  All  lulhuminouH  tKulieK  are  optically  active  niul 
tarn  the  niy  of  iH)larized  light  to  tliu  left. 

On  heating  a  proteid  ftolution  it  is  changed,  the  tem]iemtiire 
neceasary  do]K)nding  njton  tho  pmtoid  present^  and  with  pmjier 
reaotiontj  of  the  tiolutiun  untl  under  favorable  external  conditions — 
aa,  for  example,  in  the  presence  nf  neutral  nalta — most  protciils 
Bporate  in  the  solid  state  as  *'  coa;;tilated  "  proteiilw.    The  different 

i])emture8  at  which  varions  prr)teids  coagulate  in  neutral  salt 
solutions  giro  iu  many  nu^.s  a  good  mearks  of  detecting  anil  separat- 
ing iheoe  varioud  bodies.  The  views  in  regard  to  the  use  of  these 
means  are  divided.' 

The  general  reactions  for  the  proteldti  are  very  numerous,  hut 
only  tho  most  important  will  he  given  here.  To  fuoilitate  the  stnrly 
of  these  thoy  have  been  divided  into  tho  two  following  gToiip«: 


•  Sec  MaacLke.  Journ.  f.  ynkx.  CLtrm.,  H<1.  74 ;  DrachHel.  ihi/l.  iN.  F. ),  Ud. 
19;arabl(!r.  ffiid.  (N  V.).  B«J.  Sit:  Biilliaustm,  ifriW.  (N,  ?  ),  Bd.  35  :  ScluniedH. 
berg.  K«lURbr.  f.  phyabl.  Cbem.,  B<1.  L .  Wovl.  ihi4..  1]<I.  1. 

•ZeltMbr   f.  pli,Vfiiol.  CThetn..  I  <M.  14  and  IS. 

'S«<t  E.tiamM'k.  Bpr.  rf.  deut«cb.clioin.  Ge«llacU,,  Bdd.  23,  S8,  2r>;  Worigo, 
Pliager'o  Arcliir    RA    48. 

'Svff  tUllihurUin,  Juiim.  of  I'byHiol.,  Vots.  G  Hud  II  ,  <_'or<ri  ftud  DcninJ, 
B*iU,  de  I'Acad,  roy.  d«  Belg.,  1-5 ,  ll&ycTaft  aud  I>ugf;uii,  Biii,  Med.  Jimm.. 
18(10.  and  Proa  Roy.  Soc  Ed..  188»  :  <"oriD  and  AdBtnux.  Bull,  do  I'Arad.  roy. 
do  Balff.,  Tome  91  :  I^  FrMnrtc^j,  OeiitralbU  (.  PhyaioL,  Bd.  3 ;  Ilayerari.  I'Urf., 
Bd.  4  .  Ilewkti.  Joum.  of  Plivsiol..  Vol.  18. 
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A.  Precipitation  Seaotions  of  the  Froteid  Bodiei. 

1.  Coagulation  Test.  An  alkaline  proteid  solution  does  not 
coagulate  on  boiling,  a  neatral  solution  only  partly  and  incom- 
pletely, and  the  reaction  must  therefore  be  acid  for  coagnlation. 
The  neutral  liquid  is  first  boiled  and  then  the  proper  amount  of 
acid  added  carefully.  A  flocculent  precipitate  is  formed,  and  if 
properly  done  the  filtrate  should  be  water-clear.  If  dilute  acetic 
acid  be  used  for  this  test,  the  liquid  must  first  be  boiled  and  then 

1,  2,  or  3  drops  of  acid  added  to  each  10-15  cc,  depending  on  the 
amount  of  proteid  present,  and  boiled  before  the  addition  of  each 
drop.  If  dilute  nitric  acid  be  used,  then  to  10-15  c.c.  of  the  pre- 
rioQgly  boiled  liquid  15-30  drops  of  the  acid  must  be  added.  If 
too  little  nitric  acid  be  added  a  soluble  combination  of  the  acid  and 
proteid  is  formed  which  is  precipitated  by  more  acid.  A  proteid 
solution  containing  a  smalt  amount  of  salts  must  first  be  treated  with 
about  1<^  NaCl,  since  the  heating  test  may  fail,  especially  on  using 
acetic  acid,  in  the  presence  of  only  a  slight  amount  of  proteid. 

2.  Behavior  towards  Mineral  Adda  at  Ordinary  Temperatures. 
The  proteids  are  precipitated  by  the  three  ordinary  mineral  acids 
and  by  metaphosphoric  acid,  but  not  by  orthophosphoric  acid.  If 
nitric  acid  be  placed  in  a  test  tube  and  the  albumin  solution  be 
allowed  to  flow  gently  thereon,  a  white,  opaque  ring  of  precipitated 
albumin  will  form  where  the  two  liquids  meet  (Heller's  albumin 
test).  ;i.  Prenpitation  by  Metallic  Salts.  Copper  sulphate,  neu- 
tral and  basic  lead  acetate  (in  small  amounts),  mercuric  chloride, 
and  other  salts  precipitate  albumin.  On  this  is  based  the  use  of 
albumins  as  antidotes  in  poisoning  by  metallic  salts.  4.  Precipi- 
tiition  by  Ferro-  or  Ferricyanide  of  Potassium  m  Acetic  Acid 
Sohilion.  In  these  tests  the  relative  quantities  of  reagent,  proteid, 
or  acid  do  not  interfere  with  the  delicacy  of  the  teat.  5.  Precipi- 
tation by  Xentral  Salttt,  such  as  N;i.,SO,  or  NaCI,  when  added  to 
sjitnnition  to  the  liquid  acidified  with  acetic  acid  or  hydrochloric 
acid.  0.  Precipitation  by  Alcohol.  The  solution  must  not  be 
alkaline,  but  must  be  either  neutral  or  faintly  acid.  It  moat,  at 
the  same  time,  contain  a  sufficient  quantity  of  neutral  salts. 
7.  Precipitation  by  Tannic  Acid  in  acetic-acid  solutions.  The 
absence  of  neutral  salts  or  the  presence  of  free  mineral  acids  may 
not  cause  the  precipitate  to  appear,  but  after  the  addition  of  a  suffi- 
cient quantity  of  sodium  acetate  the  precipitate  will  in  both  cases 


8.  Prtcipitation  by  I'hMyho-fvngsiic  Or  Pkospho-molybdic 
Acids  in  the  presence  of  free  mineral  acids,  /'ottunium-iiierrune 
itd«  xad  pola6sittm-ltisrnuih  lorfiVr  precipitate  ulbumiu  solutious 
ied  with  hydrochloric  acij.  9.  i'recipitaUon  by  Picric  Acid 
in  solDtions  acidilied  by  organic  acids.  10.  I'recipitation  by  Tri- 
chforacettc  Acid  '  iu  'i-54  sulutiou. 
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B.  Color  BeactionK  for  Proteid  Bodies. 

1.  Milion'a  reaction.*  A  solution  of  mercury  in  nitric  acid 
oontainiog  wme  nitrous  aeid  gives  a  pr&cipitiite  witii  pnit^id  solu- 
tions which  st  the  ordtuary  tetniiemluru  i^  slowly,  hut  »t  the  boil- 
inf^-point  more  quickly,  colored  red ;  luid  the  solution  m»y  also  lie 
colored  a  feehlu  or  brif^ht,  njii.  Solid  alboniitious  bodies,  wlieri 
treated  by  iim  reagcut,  give  the  r«nie  coloratioti.  'IhiH  rt>actioti, 
which  dependH  on  the  prtHwuco  of  tho  iLroniatic  gronp  in  the  proteid, 
is  also  gireu  by  tyroun  and  other  benxol  derivativus  with  u  liydmxyl 
group  in  the  benzol  nucleus.*  '2.  A'unlhoproteic  reucliott.  With 
strong  nitric  acid  the  albominous  bodies  give,  on  heuting  to  boiling, 
yellow  itakos  or  a  yellow  solntion.  After  saturating  with  uninioiiiu 
OP  alkalifw  tho  color  becomes  oraiige-yollow.  A.  AfUtrnkiewifii' 
reartion.  If  a  little  proteid  is  added  to  a  niixtnre  of  1  vol.  <v>ncen- 
trate<l  sulphuric  acid  itnd  'I  vols,  ghiniiil  acetic:  aciti  a  reddish-viotet 
oolor  is  obtained  slowly  ai  ordinary  tcmpL'ratur«ft,  but  more  ([uickly 
on  heating.  Golatino  d(K>s  not  give  tliis  reaction.  4.  HCuret  feti. 
If  a  proteid  solution  ha  tln^t  trejitod  with  atustio  potiittFi  or  Hodu  and 
then  a  dilute  copjier  suliibaU'  solution  bo  addwl  drop  by  dn»p,  tlrat 
a  reddish,  then  a  reddish-violet,  and  lastly  a  Tiolet-blue  color  is 
obtained.  A.  Proteids  arc  aolnblo  on  licating  with  vonreutrated 
hffdroeAtoric  iu;id,  ppmlucing  a  violet  color,  and  when  thoy  are  pro- 
vionsly  boiled  with  alcohol  and  then  washed  with  ether  (Likrer- 
UANN  ')  they  give  u  beJintiful  blue  solution,  li.  With  roticent rated 
xtttphuric  acid  and   sugar  (in  Bmall   quantities)   the  albuminous 

■  K.  Obomiijrer.  Wiener  med.  Jabr1}avher,  1888. 

*Tlio  reagent  JAobuined  in  the  following  way  .  I  |>t.  mnri^nry  \*  tlisimlvMl 
in  2  pL^  uf  Dhrle  Mid  (of  sp.  gr.  1  4^],  fifst  when  coM  am]  lAtur  by  warmiaf{- 
.tClatr  ooinplvle  M>ltitii)n  nf  tliM  initrcurv  wltl  I  V(iluiu(!  uf  ttiu  wiliiliiMi  In  2  vul. 
louMB  of  water.  Allow  tliia  to  utaiid  n  fi>w  liuiir*  nnd  dvcAiit.  (1i>-  Kii|»-rnBUnt 
UiinU). 

*S««  0   NuMtf,  S!ix'iitp«bvr.  tl.  Xntu rfonwli,  Och«11sc1>.  xu  BuUe,  1879. 

« L'eatralbl.  1.  d.  mt-l.  WisHnuli.,  1887. 
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bodies  give  a  beautiful  red  coloration.     These  color  reactions  apply 
to  all  albnminons  bodies. 

Many  of  these  color  reactions  are  obtained  aa  sliown  by  Sai.kowski  '  by  the 
aromatic  splitting  products  of  the  protelds.  Millon's  reaction  ia  only  obtained 
by  the  substances  of  the  plienol  group  ;  the  Xanthoproteic  reaction  by  the 
phenol  group  and  ekatot  or  Bkatolcarbonic  acid.  Adamkiewicz's  reaction  is 
only  gireo  by  the  indol  group,  especially  skatot carbonic  acid.  LisbBbm ANN'S 
reaction  is  not  given  by  any  of  the  aromatic  splitting  products. 

The  delicacy  of  the  same  reagent  differs  for  the  different 
albuminons  bodies,  and  on  this  account  it  is  impossible  to  give  the 
degree  of  delicacy  for  each  reaction  for  all  albaminons  bodies.  Of 
the  precipitation  reactions  Heller's  test  (if  we  eliminate  the 
peptones  and  certain  albnmoses)  is  recommended  in  the  first  place 
for  its  delicacy;  though  it  is  not  the  most  delicate  reaction,  and 
because  it  can  be  performed  so  easily.  Among  the  precipitation 
reactions,  that  with  basic  lead  acetate  (when  carefully  and  exactly 
executed)  and  the  reactions  6,  7,  8,  and  9  are  the  most  delicate. 
The  color  reactions  1  to  4  show  great  delicacy  in  the  order  in  which 
they  are  given. 

No  proteid  reaction  is  in  itself  characteristic,  and,  therefore,  in 
testing  for  proteids  one  reaction  is  not  sufficient,  but  a  number  of 
precipitation  and  color  reactions  must  be  employed. 

For  the  quantitative  estimation  of  coagulable  proteids  the 
determination  by  boiling  with  acetic  acid  can  be  performed  with 
advantage  since,  by  operating  carefully,  it  gives  exact  results. 
Treat  the  proteid  solution  with  a  I-25S  common-salt  solution,  or 
if  the  solution  contains  large  amounts  of  proteid  dilute  with  the 
proper  quantity  of  the  above  salt  solution,  and  then  carefully 
neutralize  with  acetic  acid.  Now  determine  the  quantity  of  acetic 
acid  necessary  to  completely  precipitate  the  proteids  in  small  meas- 
ured portions  of  the  neutralized  liquid  wliich  have  previously  been 
heated  on  the  water-bath,  so  that  the  filtrate  does  not  respond  with 
Heller's  test.  Now  warm  a  larger  weighed  or  measured  quantity 
of  the  liquid  on  the  water-bath,  and  add  gradually  the  required 
quantity  of  acetic  acid,  with  constant  stirring,  and  continue  the 
heat  for  some  time.  Filter,  wash  with  water,  extract  with  alcohol 
and  then  with  ether,  dry,  weigh,  incinerate  and  weigh  again.  With 
proper  work  the  filtrate  should  not  give  Heller's  test.  This 
method  serves  in  most  cases,  and  e'specially  so  in  cases  where  other 
bodies  are  to  be  quantitatively  estimated  in  the  filtrate. 

The  precipitation  by  means  of  alcohol  may  be  used  in  the 
quantitative  estimation  of  proteids.  Tlie  liquid  is  first  carefully 
neatralized,  treated  with  some  NaCl  if  necessary,  and  then  alcohol 

■Zeitscht.  f.  physiol.  Chem.,  Bd.  12,  S.  3t5. 
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added  uutil  tlio  solution  coutiiiiis  70-80  vol.  per  ocot  anhydrous 
almbol.  The  jirocipitatc  is  collDcteii  on  a  liker,  uXtr&cLed  wJtli 
alcohol  ami  ether,  dried,  weighed,  iticlnoruted  and  ugiiin  weighed. 
This  method  is  only  applicable  to  liquids  which  do  not  contaiu 
any  other  i^tibfituneeti,  like  j;tyoo;{en,  which  are  insoluble  in  aUrohol. 

lu  both  these  methods  »mall  quantilie^  of  proteidu  omy  reuiuiu 

ID  the  mtrateB.     l'lie«e  traces  may  be  determined  an  foUowti:   Cun- 

intrate    the   filtrnte    siiflicieutly,    remove   any    separated    fat    by 

aking    with    i^tlior,   ami    then    precipitate    with    iiinnio    ucid. 

Ap|)roximateIy  ""I'-H  of  the  tannic  acid  precipitate,  washed  with  cold 

water  and  then  dried,  may  be  considered  as  proteid. 

liood  reaults  are  aJiw  obtained  by  the  following  method  an  mig- 
geetod  by  Dbvotu.'  The  licgaid  ia  treated  with  ^U  gms.  cryatalliKed 
wnmonium  sulphate  for  every  100  c.v.  of  lluid  and  wanned  on  the 
wster-biith  until  the  salt  dissolvoB.  Then  place  the  vessel  in  steam 
for  ;i<>-40  mhmtea  to  2  hours,  collect  tlic  finely  divided  precipitate 
on  a  filter,  wash  with  water  until  free  from  sulphates,  extract  with 
alcohol  Hud  ether,  dry  and  proceed  as  ordiititrily.  Tliie  niethod 
dooe  not  give  quite  exact  resulta  with  blood  or  Hnids  coataiuing 
blood,  but  otherwise  ic  &uomg  to  he  very  serviceable. 

The  quantitntive  estimation  of  proteids  bv  means  of  precipitat- 
ing with  copper  anlphate  cannot  ito  used  in  all  cases.  The  same  is 
tme  for  the  eatimation  by  meann  of  the  polarisc-ope,  which  does  not 
give  snrticiently  aronrate  resnlts. 

The  removal  of  proteids  from  a  solution  may  in  most  cases  be 
performed  by  boiling;  with  acetic  acid.  Small  amouutsof  proteid 
whirli  remain  in  the  liltrati^  may  he  .seprimled  by  boiling  with 
freeblr  precipitated  lead  curhona'te  or  with  ferric  acetate,  as 
dMcrihed  in  Chapter  X\'  (on  the  urine).  If  the  liquid  cannot  bo 
boiled,  the  proteid  may  he  precipitated  by  the  very  careful  addition 
of  lead  acetate,  or  by  the  atlditioii  of  alcohol.  If  the  liquid  con- 
taimi  substances  which  are  precipitated  by  alcohol,  such  as  glycogen, 
tbeu  the  proteid  may  be  removed  by  the  altcrnalo  iidditioii  of 
potaauam-nien^uric  iodide  and  hydrochloric  acid  (^ee  Chapter  VUI, 
on  Glycogen  Estimation). 


Syaopiis  of  the  Most  Important  Fropertiea  of  the  Different  Chief 
Oronpa  of  Proteids. 

Those  proteids  which  occur  formed,  iu  the  ordinary  sense,  in 
the  animal  lluids  and  tissues,  and  which  can  be  isolated  from  theee 
-without  logging  their  original  projiertiuii  by  different  chemical  nieaQs, 
are  calle<l  native  proteids.  New  modifications,  ivith  other  prop- 
erties, tmty  be  obtained  from  thetie  native  proteids  by  the  action 
of  heat,  various  chemical  reagents,  such  as  acids,  allcalies,  alcohol, 

'Zeiudif.  r.  phjsiol.  Cheoi.,  Bd.  18,  8.  iK. 
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and  others,  as  also  by  proteolytic  enzymes.  These  new  proteids  are 
called  MODIFIED '  pkoteids,  in  contradistinction  to  the  native 
proteids.  The  albumins,  globulins,  and  nacleoalbamins,  as  given 
in  the  scheme  on  page  18,  belong  to  the  native  proteids,  while  the 
acid  and  alkali  albuminates,  albumoses,  peptones,  and  the  coagulated 
proteids  belong  to  the  modified  proteids. 

The  native  proteids  may  be  precipitated  by  sufficient  amounts 
of  neutral  salts  without  changing  their  properties,  although  the 
various  proteids  act  differently  with  different  neutral  salts.  Some 
are  precipitated  by  NaCl,  others  only  by  MgSO,,  and  still  others  by 
only  (NHJ,SO„  which  is  the  precipitant  for  nearly  all  proteids. 
These  various  properties,  as  also  the  different  solubility  in  water  and 
dilute  salt  solution,  are  used  at  the  present  time  to  differentiate 
between  the  various  proteids  and  groups,  although  It  must  be  stated 
that  these  differences  are  only  relative  and  are  often  uncertain. 

AlbamiiiB.  These  bodies  are  Ip^solnble  in  water  and  are  not  pre- 
cipitated by  the  addition  of  a  little  acid  or  alkali.  They  are  pre- 
cipitated by  the  addition  of  large  quantities  of  mineral  acids  or 
metallic  salts.  Their  solution  in  water  coagulates  on  boiling  in  the 
presence  of  neutral  salts,  but  a  weak  saline  solution  does  not.  If 
NaCl  or  MgSO,  is  added  to  saturation  to  a  neutral  solution  in  water 
at  the  normal  temperature  or  at  -\-  30°  C.  no  precipitate  is  formed; 
but  if  acetic  acid  is  added  to  this  saturated  solution  the  albumin 
readily  separates.  When  ammonium  sulphate  is  added  in  substance 
to  saturation  to  an  albumin  solution  a  complete  precipitation  occurs 
at  ordinary  temperature.  Of  all  the  albuminous  bodies  the  albumins 
are  the  richest  in  sulphur,  containing  from  \,G%  to  %.%%. 

Qlobalins.  These  albuminous  bodies  are  insoluble  in  water,  but 
dissolve  in  dilute  neutral  salt  solutions.  The  globnlins  are  precipi- 
tated unchanged  from  these  solutions  by  sufficient  dilution  with 
water,  and  on  heating  they  coagulate.  The  globulins  dissolve  in 
water  on  the  addition  of  very  little  acid  or  alkali,  and  on  neutraliz- 
ing the  solvent  they  precipitate  again. 

The  Bolntion  in  a  minimum  amount  of  alkali  is  precipitated  by 
carbon  dioxide,  but  the  precipitate  may  be  redissolved  by  an  excess 
of  the  precipitant.  The  neutral  solutions  of  the  globulins  contain- 
ing salts  are  partly  or  completely  precipitated  on  sataration  with 

■  The  word  dencUnTierung  ns  uaed  by  Xeumetster  and  tlie  author  ia 
tnoBlated  by  the  word  modified,  as  it  best  expresses  tlie  meaning.  The  word 
4«r<pad  might  also  be  used. 


nUCLBOALBUMINS. 
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NaOl  or  MgSO,  in  Bubeuiice  at  nomml  t«mporatnre^.  The 
globulius  are  comjilotety  precipitated  by  gittnratiii;^'  with  aiumoQiiiiii 
sulphate.  The  globulins  contJiin  an  average  amount  of  sulphur. 
not  below  \$. 

A  «b«rp  ''"*  Iflwawn  Um)  globulinit  on  nnn  AAm  and  thn  artiRiriK)  )ilbuiniiuit«« 
on  tli<;  otbvr  cau  bsnlly  Iw  drawn.  TIik  mUmmitiaittti  an*.  lii<lvud,  a--'  a  rulr  in 
Biiliihlt>  In  illluM  cominan-sult  sohulons  -,  I'lii  an  AUniminaii>  may  bi'  prfi[)&ri>4l 
Ijt  the  aciioi)  of  aLruD)f  alkali  wliicli  in  xululilc  id  (.'otnui'iii-HuU  hoIuIIuub  iitiiue* 
iliaMv  afior  prccit'itfttiou.  We  also  Unvv  Klobuilns  wtiivb  are  iaBolubl«  in 
NaCl  atusr  liaviaj;  t>ecn  in  oontaot  witb  water  foraotna  titua. 

Hacleoalbamiiu.  Tlieeo  bodioe  arc  fonncl  vidoly  diffaaod  in 
tmth  the  anirnul  and  vogotablo  kingdoms.  They  form  one  of  the 
chief  constituent!!  of  protoplnam,  while  the  albumins  and  in  part 
also  the  gloLtilins  are  apeciul  eonstitucnta  of  the  luiinml  jniccii. 
The  nucleoalbnmiDB  are  found  in  organs  abounding  in  cells,  but 
thejr  also  oocor  in  secretions  and  Buinotime^  in  other  iluida  in 
Apparent  solution  aa  destroyed  and  ultorod  protoplasm.  The 
nncleoalbnniins  l»ohave  like  rather  strong  acids;  they  are  nearly 
inaolubie  in  wuter,  but  dissolve  eii^ily  with  the  aid  of  a  little  nlknti. 
Such  a  solution,  neutral  or,  indeeil,  a  faintly  acid  one,  does  not 
coogntatc  on  boiling.  The  nucleoalbuniins  re&emhle  the  globnlina 
and  the  albnminates  in  Bolnbility  and  preeipitation  properties,  but 
differ  from  them  in  being  hardly  soluble  in  neutral  salts.  The 
moat  important  difference  between  the  nncleoalbumins,  the  globu- 
lins, and  the  albuminates  ia  tnat  the  nucleoalbumins  contain 
pbodplioms,  and  by  the  action  of  pepsin  hydrochloric  ucid  on 
nncleoalbnmins  a  ])ho8phorize*l  product,  paraimclun  or  psatdo- 
mtcleiHy  is  split  off  whioh,  according  to  Likkeku.a^nk,'  is  a  combt- 
nation  of  albumin  with  metuphosphoric  acid.  The  nucleoalbumins 
aeem  habitually  to  contain  les&  sulphur  than  the  bodies  of  the  pre- 
ceding groups.     Some  iron  ie  found  aa  a  constant  conatitiient. 

The  nncleoalbnmins  are  often  confonnded  with  nucUoproteidK 
and  also  with  phospborized  glycoproteida.  From  the  first  claas  they 
differ  by  not  yielding  any  xanthin  bodies  when  boiled  with  iwids, 
and  from  the  second  group  by  not  yielding  any  reducing  fiubntauce 
on  the  aune  treatment. 

Lwltliatbnmlu.  On  tb«  preparation  of  certain  protein  nulM<tanoeii  produota 
arv  oft«u  iibudued  containing  litcltluu,  and  tljia  lecillilu  caii  imljr  Im  r«iiiuT«d 
with  diffleutty  or  laoompletely  by  a  mixtan  ot  alcohol  ood  etbar.     Ovovitellin 


■Ber.  d.  douiocb  eb«m.  OqmIImIi.,  Bd,  91. 
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is  sucli  a  protein  bodj  containing  considerable  lecithin,  and  Hopp&Sbtl.rb  ' 
considers  it  a  combination  of  albumin  and  lecitliin.  Lieberhakn  '  lias  obtained 
proteida  containing  lecitliin  aa  an  Insoluble  reaidue  on  the  peptic  digestion  of 
mucous  membranes  of  tlie  stomach,  liver,  kidnefs,  lungs,  and  spleen.  He  cod- 
siders  them  as  combinations  of  proteid  and  lecithin  and  calls  tnem  leeWialbu- 
mini.  They  differ  from  the  Ducleo-albumios  in  that  no  metaphosphoric  acid  is 
split  oft  and  from  the  nucleo-proteids  for  the  same  reason,  and  also  in  that  they 
do  not  yield  xaathin  bases.    Further  investigations  are  necessary  on  this  sobject. 

Alkali  and  Acid  Albuminates.  By  the  action  of  alkalies  all 
native  albumlnoDs  bodies  are  converted,  with  the  elimination  of 
nitrogen  or  by  the  action  of  stronger  alkali  with  the  emiBsion  of 
sulphnr,  into  a  new  modification,  called  alkali  albuminate,  whose 
specific  rotation  is  increased  at  the  same  time.  If  caastic  alkali  in 
substance  or  in  strong  solution  be  allowed  to  act  on  a  concentrated 
proteid  solutiou,  such  as  blood-serum  or  egg-albumin,  the  alkali 
albnminate  may  be  obtained  its  a  solid  jelly  which  dissolves  in  water 
on  heating,  and  which  is  called*'  LieberkChn's  solid  alkali  albnmi- 
nate." By  the  action  of  dilute  caustic  alkali  solutions  on  dilute 
proteid  solutions  we  have  alkali  albuminates  formed  slowly  at  the 
ordinary  temperature,  but  more  rapidly  on  heating.  These  solu- 
tions may  be  modified  by  the  source  of  the  proteid  acted  upon,  and 
also  by  the  extent  of  the  action  of  the  alkali,  but  still  they  hare 
certain  reactions  in  common. 

If  proteid  is  dissolved  in  an  excess  of  concentrated  hydrochloric 
acid,  or  if  we  digest  a  proteid  solution  acidified  with  1-3  p.  m. 
hydrochloric  acid  in  the  warmtli,  or  digest  the  proteid  alone  with 
pepsin  hydrochloric  acid,  we  obtaiti  new  modifications  of  proteid 
which  indeed  may  show  somewhat  varying  properties,  but  have  cer- 
tain reactions  in  common.  Tliese  modifications,  which  may  be 
obtained  in  a  solid  gelatinous  condition  on  snfficient  concentration, 
are  called  acid  albuminates  or  acid  albumins,  sometimes  also  syn- 
tonin,  though  we  prefer  to  call  that  acid  albuminate  syntonin  which 
is  obtained  by  extracting  muscles  with  hydrochloric  acid  of  1  p.  m. 

The  alkali  and  acid  albuminates  have  the  following  reactions  in 
common:  They  are  nearly  insoluble  in  water  and  dilute  common- 
salt  solutions  (see  page  31),  but  they  dissolve  readily  in  water  on 
the  addition  of  a  very  small  quantity  of  acid  or  alkali.  Suoh  a 
solution  or  one  nearly  neutral  does  not  coagalate  on  boiling  if 
nentral  salts  are  not  present  in  sufficient  quantity,  but  is  precipi- 

'  Hoppe-Seyler,  Med.  cbem.  Untersoch.,  1868;  also  Zeitschr.  f.  physlol. 
Cbem..  Bd.  18,8.479. 

*  PflOger'B  Archiv,  Bdd.  SO  and  54. 
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tated  at  the  normal  t«mp«rHture  ou  iit^utralixing  the  Aolvent  hy  nii 
sliuli  or  an  acid.  A  Bolution  of  an  alkiili  or  acid  albuminate  in 
aoid  to  eBKJiy  prucipitateO  on  saturating  with  NaOt,  but  u  aohitiou 
in  alkali  is  precipitate^  with  diflicuUy  or  uot  at  uU,  aocording  to 
tbe  amount  of  alkali  it  coutuiu&  The  ueuriy  neuLnU  solutions  are 
preoipilated  hy  utiuurHl  acids  in  excoss,  also  by  mauy  metulliu  suite. 
NotwithistaiiULug  lliis  ugreument  in  the  ruuutious,  tlie  aoid  and 
allculi  albuminates  ere  c-Kseutially  different,  and  by  ditSHolviiig  an 
alkali  albumiiiate  in  mmv  ucid  no  acid  tilhuniinatQ  solution  18 
obtained,  nor  is  an  alkali  albumJuute  formed  on  dissolving  an  acid 
lilbuuiinatG  in  water  by  the  aid  of  a  little  alkali.  The  alkali 
albuminates  are  rehitively  strong  ncidit.  They  may  be  dissolved  in 
water  with  the  addition  of  CaCO,,  with  the  elimination  of  C'O,, 
which  does  not  occur  with  typical  acid  albuminates,  and  they  show 
in  opposition  to  the  acid  albumiuatoB  aUo  other  rariatious  which 
eland  in  connection  with  their  strongly  marked  acid  nature.  Dilute 
solutions  of  alkalies  act  more  energetically  on  proteidg  than  do  acids 
of  corresponding  concentration.  In  tbe  tlrst  catie  a  }i'art  of  tho 
nitrogen,  and  often  also  the  eulphor.  is  split  o9,  and  from  thia 
property  wo  may  obtain  an  alkali  albaminute  by  the  action  of  an 
Hlkali  njion  an  ucid  albuminate;  but  we  cannot  obtain  on  acid 
albuminate  by  the  rcvorao  reaction.     (K.  Mohnek.') 

Tbe  preparation  of  the  albuminates  has  been  given  above.  By 
the  action  of  atkalieB  or  acids  apon  an  proteid  solution  tbe  corre- 
sponding albuuiinato  may  bo  precipitated  by  neutralizing  with  acid 
or  alkali.  The  washed  precipitate  ia  riitwolved  in  water  by  the  aid 
of  a  little  alkali  or  acid,  and  again  precipitated  by  neutmtizing  tbe 
•olvent.  If  thin  precipitate  which  liiu)  been  washed  in  water  is 
treated  with  ulcohol  and  ether,  the  albuminate  will  be  obtained  in 
a  pure  form. 

AllniDioBes  and  Peptones.  Peptones  are  designated  a^  the  iinal 
prodncta  of  the  docompoeition  of  albuminous  bodies  by  mean?  of 
proteolytic  enzymes,  in  so  far  as  thew  final  products  are  still  trne 
albuminous  bodies,  while  we  designate  as  ulbunioses,  proteoses,  or 
propeptonofl  tbe  intermedinte  products  produced  in  the  peptoniza- 
tion of  proteids  in  fo  far  as  tbey  are  aubtitancee  not  similar  to 
aibnminat«e. 

Albumoeesand  peptones  may  also  be  produced  by  the  bydralytic 
decompoeition  of  the  proteids  with  acids  or  alkalies,  also  by  the 

'  FUOffer's  Anliiv,  Bd.  17. 
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patT«factioQ  of  the  sane.     Tbej  may  also  be  Formed  tn  very  amaJI 

rguaiitities  m  by-products  in  the  inveatigatioutt  of  animal  fluids  and 
tissnes,  arid  the  qneatioii  to  what  extent  these  exist  pr«fonn©d  under 
phyeiologictU  couditious  requires  very  oarefal  iuveutigalioa. 

Between  the  peptoues  wbiub  i-^pi-etseut  tlie  last  epiittiui^  producU 
and  ttioea  albumoBes  wJiicb  stand  (.-iosest  to  tbe  original  proteids  we 
have  undoubtedly  a  wrleii  of  intermediate  productts.  Uadersoch 
circiinibianceb  it  is  u  difBuiiU  problem  to  try  to  draw  a  tiharp  line 
between  the  jieptonv  and  tbe  lUbunuHje  grouj>,  and  it  is  just  as  difli- 
oult  to  define  ourcouceptiou  of  peptones  and  albunioses  iu  au  exact 
and  »alisfactory  manner. 

T\w  albnvwKCH  liuve  boon  uontjideret)  a8  tbfKie  albuminous  bodies 
whone  neutral  or  faintly  acid  tiolutions  do  not  coagulate  on  boiling 
and  wliicrh,  lo  diHiingniii))  them  from  jiejitone^,  were  nhamcterized 
vbietly  by  the  foilowing  proi)ertie8.  Tliu  watery  HoUitiona  are  pre- 
<:ipilated  at  the  ordinary  temperature  by  nitric  acid  aa  well  as  by 
acetic  acid  and  potaeeium  ferrocyauide,  and  tins  precipitate  lias  tbe 
peculiarity  of  disappearing  on  heating  and  reappearing  on  cooling. 
If  a  solution  of  ulbamofios  la  maturated  with  XaCl  in  gnbstauce,  tbe 
albnmoscs  are  partly  procipitatcd  in  neutnil  solutions,  but  on  the 
addition  of  a(;id  saturated  with  the  salt  the;  completely  precipitate. 
This  precipitate,  which  disoolrea  on  warming,  is  a  comlnnutioD  of 
fllbumose  with  the  acid. 

We  fornierly  deHignated  as  peptone  tboao  proteid  bodies  which 
are  readily  solnhle  in  water  and  which  do  not  coagnlate  by  heat, 
whose  eolutions  are  precipitnteil  neither  by  nitrit;  a<iid,  nor  by  acetic 
add  and  poUissitim  ferro<7anide,  nor  by  neutral  salts  and  at^id. 

The  reactions  and  properties  which  the  albumosea  tuid  peptones 
had  in  common  wore  formerly  oonsidereil  n»  the  following:  They 
|^v«  all  the  color  reactions  of  the  proteidR,  bnt  with  the  biuret  test 
they  gire  a  more  beantifnl  rod  color  than  the  onlinary  proteids. 
They  are  precipitated  by  ammoniacal  lead  acetate,  by  mercaric 
chloride,  tannic,  pboBpho-tnngHtic,  phoepho-molybdic  acids,  potas- 
sium-mercuric iodide  and  hydronhloric  acid,  and  lastly  by  picric 
acid.  They  are  precipitated  hut  not  coagulated  by  alcohol,  namely, 
tbe  preci])itate  f^btained  i.'  soluble  :n  water  even  after  being  in  con- 
tact with  alcohol  for  a  long  time.  The  olbumosoa  and  ])eptonefl 
aliKf  have  a  greater  diffuaive  power  than  native  atbnminons  bodies, 
and  the  diffusive  power  i^  greater  the  ncdrer  the  questionable  snb- 
stanco  stands  to  the  final  product,  the  now  so-called  pure  peptone- 
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Theoe  old  viewn  hure  nndor;gon>a  an  Mtsontial  rimnge  in  the  last 
few  yean.  After  IlEVNsttiK'  '  ohservBtinn  thnt  amniouium  sulphoto 
was  a  general  procipitimt  for  proteids,  aUo  peptone  in  the  old  eonse, 
Kf^HNE*  and  liig  papiU  proposed  this  salt  as  a  means  of  iioparating 
albumoseft  and  peptone.  Those  products  of  digestion  which  sepa- 
rate on  saturating  their  solution  with  flmmoninni  «ialphate  are  con- 
sidered by  KCnNF^  and  indeed  by  most  of  the  modern  inTcstigatortt 
an  albnmoaes,  while  those  which  remain  in  aolutiou  arc  callftl 
pcptonee  or  pure  peptone.  This  pare  peptone  is  formed  in  rela- 
tively large  umotints  in  pancreatic  digestion,  while  in  pepsin 
digestion  it  ia  only  formed  in  small  qoantitica  or  after  prolonged 
digestion. 

Acoonltug  to  SchCtzenbbroer'  jiud  KChne"  the  proteids 
yield  two  chief  groaps  of  new  albnminons  bodies  when  decomposed 
by  diliit«  miuerHl  acids  or  wiUi  proteolytic  ettzyme-'^;  of  these  the 
anti  group  shows  a  greater  resistance  to  further  action  of  the  acid 
and  enzyme  than  the  other,  namely,  the  ktmi  group.  Oorreepoud- 
ing  to  these  views  KChxk  dividei?  the  albumosea  into  two  chief 
gronps,  the  antialbttmoff^  and  k&mialbuv>o»es,  and  tlie  peptones  into 
two  chief  groups,  the  anfipfiptowis  and  the  hemipeptones.  in  pepsin 
digestion  we  obtain,  beetdett  ditTereut  ulbumosua,  u  mixture  of  auti- 
and  bemipeptone,  which  niuctare  KOhkg  called  amphopeptoue.  In 
the  digestion  witli  trypsin  (the  proteolytic  enzyme  of  the  paucreat) 
the  hemijieptone  is  farther  split  into  leuciu,  tyrosin,  and  oilier  bitb- 
stanoes,  while  tlie  autipeptoue  remains  unchanged.  By  the  suf- 
ficiently energetic  action  of  trypsin  only  one  peptone  is  at  last 
obtained,  the  ao-called  autipeptoue. 

KOhnk  and  tiis  pnpils,  who  have  condncted  these  complete 
in  relitigations  on  the  albnmoses  and  peptoues,  clanify  the  various 
albamofiog  according  to  their  different  solnbilitios  and  precipitation 
powers.  In  the  pepsin  digestion  of  fibrin '  thoy  obtained  the  fol- 
lowing albnmoses:  {a)  Fleteroalbumost,  insoluble  in  water  bnt  soluble 
in  dilate  salt  solution ;  {b)  i'rolali>umose,  solable  in  salt  solutiou  and 

•  Pflflger's  Arehlv.  Bd.  M. 

*8««  KQko«,  Vrrlianill.  d.  QftturliiRUir.  Vnritinji  xn  flwtleilberg  (N.  F.),  3,3, 
Wens.  Zetlwrlir.  t.  Uiologi«.  Hd.  33:  KDhas  mad  Chitiendiiu,  Zeitscbr.  f.  Bio- 
logic. B«l.  28  .  R.  Neumebwr,  ihM. .  B<].  38 ,  KQkine,  Md. ,  Bd.  30. 

*Bull.  do  ta  Boe.  elilm'Klur  d«  Puris,  28. 

*See  Kllbn«,  V«rh*ndl.  d.  namrhtitor.  Varoins  so  Heidelberg  (K.  P.),  Bd. 
I.  and  KQhiM-  und  rniittondm,  ZeitKlir.  f.  Biolnglo,  Bd.  19. 

•  Sm  KUtiDC  uid  Cbittondcn,  Ztatacht.  f .  Ujologie,  Bd.  90. 
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water.  These  two  albnmoses  are  precipitated  by  NaCl  in  neatral 
BolutionB,  but  not  completely.  Heteroalbomose  may  be  converted 
into  a  modification,  called  (c)  Dysalbutnose^  which  is  insolable  in 
dilnte  salt  aolntions  by  being  in  contact  with  water  for  a  long  time 
or  by  drying,  (d)  Deuteroalbumose  is  an  albumose  which  is  soluble 
in  water  and  dilute  salt  solation  and  which  is  incompletely  precipi* 
tated  from  acid  solution  by  saturating  with  NaCI  and  not  precipi- 
tated from  neutral  solations.  This  precipitate  is  a  combination  of 
the  albumose  with  acid  (Hkrth  '). 

Herth  '  claima  tliat  the  relative  proportion  of  acid  or  alkali,  salt,  water,  or 
albumoBe  in  a  solution  easentially  cliaoges  the  solabitity  and  precipitation 
]K)wer  of  the  same.  He  also  claims  that  the  occnrrence  of  several  different 
kinds  of  albumoses  caDnot  be  demonstrated,  because  with  one  and  the  same 
albumose,  the  above  conditions  being  changed,  its  solubilities  and  precipitating 
powers  are  changed.  HAHBUROiiiR'  found  the  same  to  be  true  from  liia  inves- 
tigations. 

The  albumoses  obtained  from  different  proteid  bodies  do  not 
seem  to  be  identical,  but  differ  in  their  behavior  to  precipitants. 
Special  names  have  been  given  to  these  various  albumoses  according 
to  the  mother  proteid,  namely,  globuloses'  vitilloses/  caseoaes,* 
myositioaea,'  etc.  These  various  albumoses  are  further  distinguished, 
s&proto-,  hetero-,  and  (2eu^ero-caseoses  for  example.  All  the  albu- 
moses formed  in  the  digestion  of  animal  and  vegetable  proteid  are 
embraced  in  the  common  rxB,msi  proteoses  by  Chittenden.' 

NBtTHBiSTBR'  designates  as  atmidalbumoae  that  body  which  is  obtained  by 
the  action  of  superheatad  steam  on  fibrin.  At  the  same  time  he  also  obtained 
a  sulwtance  called  atvtidalimvun  which  stands  between  the  albuminate!)  and 
the  albumoses,  Cbittbndbn  and  Frank*  have  obtained  as  products  of  tb« 
action  of  superheated  steam  on  ovalbumin,  besides  a  little  peptone,  leucin,  aod 
tyrosin,  two  substances,  similar  to  albumoses,  which  correspond  to  the  two 
atmid  substances  of  Nbuheibtbr,  but  differ  from  them  by  containing  a  higher 
percentage  of  carbon. 

■  Monatfihefte  f.  Chem.,  Bd.  5. 

*See  Maly's  Jahresber.,  Bd.  16,  S.  30. 

'EQbno  and  Chittenden,  Zeitschr.  f.  Biologie,  Bd.  33. 

*Neumeister,  ibid.,  Bd.  83;  Chittenden  and  Hartwell,  Joum,  of  Physiol.. 
Vol.  11. 

'Chittenden  and  Painter,  Studies  from  the  Laboratory, etc.,  Yale  University, 
Vol.  3,  New  Haven,  1691  ;  Chittenden,  ibid..  Vol.  8 ;  Sebelein,  Chem.  Central. 
bUtt,  1890. 

*Kahae  and  Chittenden,  Zeitschr.  t.  Biologie,  Bd.  2S;  Chittenden  and 
Goodwin,  Joam.  of  Physiol..  Vol.  18. 

*  Chittcoden  and  Hartwell,  Joan,  of  Physiol.,  Vol.  ISl 

■Zeltaohr.  t.  Biologie,  Bd.  36. 

•Joamal  of  PbysioL,  Vol.  15. 
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Of  the  Bolablc  albumo^eB  Xki'mkistek  '  dosignatee  protoolbu- 
niose  snd  heteroalbuniose  m  prtiimnj  nWtnnmes,  while  the  deutero- 
albumoses,  which  nre  closely  iillicxl  to  the  peptonea,  he  ctilU 
geeondary  al^umosen.  Ae  esaenthd  ditTereiice  between  the  primaiy 
utiil  secondary  albunioees  he  Kaggents  tlie  following; '  The  primary 
ulbutaosQS  are  precipitated  by  nitric  acid  in  sHilt-free  xoliitioun,  while 
the  secondary  albniitoses  are  only  precipitated  in  salt  solutiona, 
while  certain  deuteroaibiimoBos,  such  aisdeuterovitilloiHJ  and  deutero- 
ruyoeiuoee,  are  only  precipitated  by  oitric  ucid  in  liolutioua  suturuted 
with  NaCI.  The  primary  ulbumosue  arc  precipitated  from  neutral 
soliilion*  by  copper  sulphate  sohitiou  (2  :  100),  aUo  by  NaCl  iu 
sulwtaDoe,  while  tlie  socondury  ulbtiniMetj  are  not.  Thu  primary 
ulbamosea  are  completely  pi-ecipitatod  from  their  eolation  sataratt>d 
wiUi  KaCl  by  the  mlditiou  of  acetic  acid  saturated  with  suit,  while 
the  Bocondory  albonioaes  are  only  partly  precipitated.  The  primary 
albuDioseH  are  I'eadily  precipitated  by  acetic  acid  and  pota^iuru 
ferroeyauide.  while  the  seooadai-y  are  only  inoorapletciy  prooi  pita  Led 
After  some  time.  The  donteroalbnmows  are  derived  from  the 
primary  ulbumosee  and  therefore  have  u  smaller  molecular  weight. 
Oontrury  to  this  view  KiiUNK*  has  fontid  that  doaterolibrinoeca 
diffii^  letw  readily  than  the  protoflbriiu^o,  and  ultto,  uncionlin);  to 
KAKANt^:.tKW,*  the  deiiteroalbumoae  hoa  a  higher  Tnoleottlar  wutght 
(3300)  than  the  protoalburaoBo  (34ti7-26W). 

Paal  '  haa  prepared  combinations  of  jicptoije,  from  ovalbumin, 
with  hydrocUlorio  acid  in  a  manner  similar  to  that  with  gelatine. 
The  elementary  composition  of  the  different  prejiarations  showed 
considerable  ruriatioD,  ae  did  aJRO  the  molecular  weight.  The  acid 
combining  power  of  the  hydration  products  produced  iu  peptoniza- 
tion iucrcnged  with  the  progre;<&  ot  the  hydrolytic  oleaTage. 
Si-hk5ttkb*  has  prepared  from  WirrK's  alhnmosc  mix  tare  a  crys- 
Isllino  albtimoee,  soparAting  from  methyl  alcohol  on  cooling,  wlioao 
bjrdrochloride  containod  on  an  average  10.8^  UCl  and  whoiae  molcc- 
alar  weight  was  587 -7U  as  determined  by  Raoitlt's  method.  Aa 
the  electrical  conductivity  of  hydrochloric  acid  diminiahes  in  pro- 


■Kmtsclir.  f.  KMogio.  Bd.  94. 
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portion  as  the  acid  is  nentralized  by  alkali,  an  Sjoqvist'  found 
a  similar  behavior  when  hydrochloric  acid  was  neutralized  with 
proteida.  Starting  from  theae  rircumatancM  Sjoijvist  has  studied 
the  combinations  of  proteida  with  IK'l,  UNO,,  1I,S0,,  and  H^PO., 
and  has  tried  to  determine  the  chemical  ecjulTalent  of  proteida. 
He  found  thig  to  be  about  SOU  for  ovalbumin,  abont  UOO  for  albn- 
mo8e,  and  aboat  '-JSO  for  peptone. 

The  true  {teptonea  are  exceedingly  hygroecopic,  and  when  per- 
fectly dry  aizzlo  like  pho«phoric  anhydride  when  treated  with 
water.  They  arc  exceedingly  aolnblc  in  water,  diSuae  more  readily 
than  tlie  albumoaea,  and  are  not  precipitated  by  ammonium  snlpliate. 
Pore  trae  peptones  are  not  precipitated  either  by  picric  acid  or  by 
potawium -mercuric  iodide  and  acid.  They  are  incompletely  pre- 
cipitated Uy  phospho-tungatic  or  piioapho-niolybdic  acide.  The 
peptones  are  precipitated  by  tannic  acid,  but  this  may  be  rodiB- 
aoWed  in  an  excess  of  the  jirecipitant  (Sebelikn'),  According  t© 
Sasaxp^EW  the  moltjcuiur  weight  of  the  peptones  Ib  below  400. 

As  the  Ko-called  true  iieptones  hitherto  have  not  been  prepared 
perfectly  }iure,  and  therefore  the  characteristic  properties  are  still 
not  known,  we  consider  the  behavior  to  ammonium  sulpliate  as  the 
absolute  dilTeronoo  between  albumoses  and  peptones.  It  is  still 
doabtfnl  whether  tlie  behariur  of  a  stiiglu  »alt,  the  ammonium  snU 
phatc,  yields  suilicieut  basis  for  the  characterization  of  two  gronpB 
of  albiiminouii  bodies,  -the  albuuioses  and  peptones;  and  this  qneS' 
tion  is  warranted  Hince,  according  to  Kel'MEistbb,  we  hare  a 
deutoroalbuniotic  (formed  from  the  protalbumoee  In  peptic  digestion) 
which  is  not  comidulely  pi-ecjpitated  by  umuiouium  aulplmte.  It 
seems  that  the  transConuatiou  of  proteids  into  peptonea  takes  place 
through  a  unmber  of  intermediate  sLeptt  similar  to  the  transforma- 
tion of  fltaroh  into  dextrose  through  a  wt'wa  of  dextrius.  A  com- 
plete separation  of  these  several  iutermediute  products  as  well  as 
their  purilicatioti  is  such  an  extremely  difHcult  task  that  it  is  nearly 
impossible  at  present  to  say  iiow  far  anch  a  ililTerentiation  ia 
warranted  or  feasible. 

What  relationship  do  the  albitmoHes  and  peptones  bear  to  the 
protoid  from  which  tJiey  are  formed?  IlRiiTn'  has  found  that 
fibrin  albnmo«e  and  Qbrin  have  approximately  the  same  couBtita- 

'BIcuid.  Arcb.  t.  Pliysiol..  Bd.  fi. 
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lion.  KChkk  and  CtmTENnKS,  m  alao  Chittendbk  and  liU 
papiU,'  have  analyzed  thedifterentalljumoses  from  flbriu,  globnlio, 
ondbnmin,  nifoeiu,  and  caMin,  and  foand  in  oertain  atbnmoMS 
an  iucreuBe  and  iu  others  a  decrease  in  tlie  amotmt  of  carbon, 
nitrogen,  and  snlplior  ae  compared  vritli  the  mother-proteid. 
From  the  r«8alt«  of  their  aualy&un  it  has  been  found  that,  with  the 
probable  exception  of  the  atbumosied  etandiug  closest  to  tha  peptone, 
the  difference  in  the  constitntion  of  the  orig^inal  jiroteids  and  the 
corresponding  albtimoseii  ia  aometinioe  in  one  direction  and  aome- 
timee  iu  anotlier,  and  is  at  all  eveuts  nuossential. 

According  to  the  analyses  of  peptones  (in  the  old  sense)  made 
,by  Maly,'  Uerth,'  and  Hensisoek,'  they  seem  to  have  tho  saine 
constitation  as  the  proteid.  According  to  the  analyses  by  KCuxg 
uid  C'HirrENUEN*  of  "tme"  fibrin  peptone,  part  amphopeptone 
and  part  autipoptone  prepared  by  pancreas  infusion,  this  peptone 
waa  found  to  contain  abont  the  same  amount  of  hydrogen  and  the 
Mine  or  a  greater  amoniit  of  nitrogen,  but  considerably  less  carbon 
than  the  albumoses.  In  bin  inrestigations  on  cawin  Chittendus 
ionnd,  on  the  other  hand,  that  iu  aiitipeptone  the  amount  of 
carbon  waa  higher  tlian  in  certain  caseoaea.  A«  the  preparation  of 
true  peptones  in  a  pure  condition  is  accompuuied  with  great  diffi- 
cnlty,  and  as  the  [ffiptonea  (in  the  modern  aentie)  analyzed  have  not 
always  behaved  as  true  peptones  towards  the  peptone  reagents  us 
doEcribed  by  Nkuheistek,  it  ih  most  diilicult  to  draw  any  positive 
oonclnsion  from  these  analyses.  It  seems,  nevertheless,  that 
generally  the  so-called  true  }>eptoueB  are  perliaps  somewhat  poorer 
in  carbon  than  the  corresponding  proteids. 

The  elementary  analyses  made  up  to  the  present  time  have  not 
giTon  ns  a  poeilire  answer  iu  regard  to  the  relationtthip  existing 
between  the  proteidn  on  one  side  and  the  albumoses  and  peptones 
on  t}ie  other.  The  view  that  the  peptone  formation  is  a  hydrolytio 
spUtting  ia  accepted  by  lIoppE-SEYr-ER,'  Ki'hnu,  IIensis(ikr,' 
and  indeed  by  recent  invGBtigators.  In  BnpporL  nf  thm  view  we 
have  the  obeervatious  of  IIenningeh*  and  UoFueisTEit,' according 

■  See  rafennces  nml  paffs  fl<t  bj  KQhae  and  Cbittendeo. 

*Paag«r'it  Arcliiv,  Bdil,  9  uid  SO. 
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to  which  peptones  are  coarerted  intoaproteid  aimilar  tOBlbniuinateA 
bv  the  action  of  acetic-acid  anhydride,  or  by  heating  so  that  water 
is  expelled.  According  to  other  inrestigators,  ua  Maly.'  IIektji,' 
T>OKw,'  and  others,  the  formation  of  peptone  is  a  depolymorizstioa 
of  the  proteide.  A  third  view  i^  that  proteida  and  peptonoa  ore 
JBomerio  bodies;  while  h  Fonrth  view  (Ciuiiu^gUAVEH*)  claiins  tb&t 
the  proteids  oonaifit  oF  miceLI  gronps  which  on  {wptonizntiou  ub 
Hntt  converted  into  mi<.!clli  and  then  further  into  molocolee. 
Though  an  ordinary  ttlbnmin  solution  contains  uiicclli  or  mioell 
bondti,  io  uIbo  u  ])«ptone  aolutiou  contaiita  a  proteid  molecule. 

The  propnmtion  of  different  alhnmoses  in  a  perfectly  pnr«  form 
is  Tery  troublesome  and  a(;companied  with  a  great  many  d  itliciiltiea. « 
For  this  reason  there  wilt  be  given  here  only  tlio  general  methods 
h;  which  the  difTerent  albiimnHB  ])recipi lutes  are  obtnineil.  If  vo 
prooecd  from  a  solution  of  fibrin  in  jiepBin  hydrocidoric  acid,  we 
firat  romovo  the  syiitonin  or  fioino  coagiihtblo  protcid  present  by  first 
neuEniliicitig  and  then  i^oiigtilating  hy  heat.  The  neutral  filtrate  Id 
saturated  with  NaCI,  which  precipitates  a  mixture  of  primary 
albiunose:*.  This  precipitate  i«  wash«<l  with  a  saturated  N'aOl  solu- 
tion, preesod  and  dissolved  iu  dilute  salt  solatiou.  An  insoluble 
residua  reinainu,  which  ia  euUud  dysalbuniose.  Tiie  milution  of  the 
primary  alhitmoBOs  13  repeatedly  and  yonipletely  dialyzed.  Hctero- 
atlninio:^  ifieparatei^  out,  while  the  protalhtiniciie  remains  in  solution 
and  may  be  precipitated  by  alcohol.  The  above  filtrate,  which  faafl 
hat]  the  primuy  albiimoeeK  removed  and  witunited  with  NaCI,  is 
treated  with  acetic  at-'id.  which  has  previouely  boon  aaturat^Ml  with 
NaCl,  until  no  fiirthiT  pr(«^ipi1,;ite  oecurH.  Thii!  preoipitiite,  which 
consists  of  a  mixture  of  primary  and  secondary  albnmtMes,  \%  filtered 
off,  the  filtrate  freer!  from  twit  by  dialyaia,  and  the  dentero- 
albumose  precipitated  by  ammoniTim  fJiilphate.  The  various  albii- 
moses  may  hUo  bo  preoijiitaled  from  tlie  original  volution  by 
ammonium  sulphate,  di&solved  in  water  and  freed  from  iinimoiiium 
autpluttc  by  means  of  diiilysis,  and  then  separated  as  above  describeil. 

In  the  preparation  of  true  peptone  we  make  use  of  a  prolonged 
pepsin  digestion,  but  much  quicker  resnlta  are  obtained  by  the  use 
of  trypsin  digestion.  The  aibumows  nmst  be  entirely  removed. 
which  is  done  by  alternately  precipitating  in  acid,  neutral  and 
alkaline  uoliition,  with  ammonium  t>ulplmt«.  According  to 
KOunk'  we  proceed  in  the  following  way;  The  sufficiently  dilute 
and  neatral  Mtlntion  (free  from  alhnminates  and  coagnlablc  proteidc) 
is  fiiBt  preci])itftted,  while  boiling  hot,  with  ammotiinm  sulphate 
On  cooling  the  precipitated  albninoses  and  crystallized  faXi  are 

ipflOgei'BArctiiv.  Od.  81. 
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remored  by  fthratioii  and  the  filtmte  heated  to  boiling,  made 
strongly  arkiUino  with  iinimonJa  anil  iunmonium  carbonate,  again 
satDraied  with  ammonitim  Anlfihat«  at  the  boilini;  temperatnre. 
TtemoTO  precipitate  by  fiitmtioii  when  cold,  haat  thw  UUmte  a^D 
tiBtil  all  odor  of  ummoiiia  is  expeliod,  eatumte  with  animouiuni 
snlphflto  white  hot,  and  acidify  with  acetic  acid  and  litter  on 
cooling. 

Tlie  filtrate  is  freed  from  n  great  part  of  the  salt  by  strongly 

ooncentrating  tlie  liquid,  allowing  it  to  'ywl,  and  removing  the  lult 

by  fittrntiOD.     Another  larpe  portion  of  the  salt  may  be  removed 

from  this  filtrate  by  the  careful  frucliouat  proeipitiitiou  with  atc-ohol, 

which  yields  an  alcoholic  solntion  rich  in  peptone  with  only  a  email 

iiiantity  of  ammoninm  nait.     This  eolution  is  boiled  to  nuuove  the 

Icobol,  and   then  boiled   with  hariitm  carbonate  to  remove  the 

inKHuum  Bulphatv.     The  filtrate  id  freed  from  vxcem  of  barium 

Dy  the  carefnl  addition  of  dilute  Hiilphuric  acid.     This   liltrotc, 

ivhich  must  not  contain  an  oxce&s  of  gulphuric  acid,  is  now  coucen- 

ited  and  the  peptone  precipitated  thererroin  by  alcolxii. 

For  tho  doteotion  of  idbnmoses  and  peptones  in  imliual  Hiiids  or 

In  iratery  extracts  of  oi^ns  and  ttssiics  wo  proreml  ao  foltowit, 

according  to  L>RVOTO:'     The  coagnlnble  proteids  are  removed  by 

lieating  with   as  pure  anmionium  ^iilptisti;  as  poMtible,   ii^  aliove 

Ideeori^d  ^poge  29).     Trnc  peptones  (besides  deiiteroulbuinose  not 

Erecipitated)  may  l>e  delet'teu  in  the  cnlU  liltruLe  by  nioaiiK  of  l.b« 
iuret  teat.     The  albnmo^ea  arc  centaincii  in  the  mixture  of  jire- 
kcipiUite  a.nd  ^It  crystals  <!nl]e4;ted  on  tlie  titter.     TUt-  itlliiiiiio«e!i  are 
li«olved  fro7n  this  mixture  by  washing  with  water,  and  may  be 
ieteotod  in  the  wash-water  by  meuus  of  t!ie  biuret  test.     The  (juet;- 
ion  aa  to  tho  possibility  of  the  formation  of  traces  of  albiiiiioeRa 
from  other  proteids  daring  thie  treatment  under  oortairi  cirnum- 
^atanoes  has  not  l)eon  cloiwly  investigated  att  yet. 

If  a  solution  saturated  with  ammoniuni  anipbatc  is  to  he  tested 
'by  the  binret  test,  it  moxt  first  lie  treated  witfi  a  slight  exoeiiA  of 
coiiceutrat«d  caustic-^oda  solution,  keeping  the  eolntion  cold,  and 
rter  the  eodinm  sulphate  hat;  nettled  the  liipiid  is  treated  with  a 
I'l  solntion  of  copper  anlpliate,  drop  by  drop. 

The  liinrec  test  { nolo  rim  a  trie)  and  the  polariacopie  method  have 
Ml  used  in  the  fjuantitative  estimation  of  albnmose^aitd  pcptoiiiM. 
["hese  methods  do  uot  yield  exact  results. 

Coagulated  Proteidi.— Proteids  may  be  oonTortcd  into  the 
ooognlated  •?ondition  by  different  meann:  by  heating  (sec  page  '^.'>), 
by  the  action  of  alcohol,  especially  in  the  presence  of  nentrid  salts. 
and  hi  certain  cases,  as  tn  the  conversion  of  fibrinogen  into  fibrin 
(Chapter  VI),  by  tho  action  of  an  enzyme.     RAMeiDEK '  hag  shown 

■Zaitackr.  f.  pkyitml.  Ohom..  Brl.  15. 
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that  a  proteid  solation  may  aUo  be  coagnlated  by  coDtinooas  shak- 
ing, ami  inileeU  in  a  few  cubbh  (ovalbnmiii)  it  may  be  completely 
ueagulateti.  This  coagutatioti  is,  however,  not  identical  witli  heat 
coagulation.  The  nature  of  tlie  proceRses  which  take  place  dnring 
coagulation  in  nii  known.  The  coagulated  albnminonB  bodies  are 
inaolnble  in  water,  iu  nentral  salt  aoEntions,  ami  in  dilnte  acida  or 
alkalies,  at  normal  temjierature.  They  are  diwolveiJ  and  conTerted 
into  albnminaten  by  tlie  action  of  leaB  dilute  acidti  or  alkalies, 
especially  on  heating. 

Coagnlateil  proteiile  appear  also  to  occnr  in  animal  tisanes.  We 
And,  at  lfla«t  iii  many  orgauH  aucli  ae  tlie  liver  and  other  glanda, 
proteids  wliicli  are  not  aohible  in  water,  dilute  salt  solcitioua,  or  very 
dilute  alkaliee,  and  only  dissolve  after  being  modified  by  strong 
nikniies. 


Appendix. 

Vegetable  Froteids.     Vegetable  pi-oteids  seem  to  have  the  same 

essential  projiertiea  !i»  tho  utiiuial  })rateidB,  and  the  three  chief 
groups  of  native  proteids  occur  in  the  plants  lut  well  as  the  animal 
organism.  We  recognize  the  foliuwing  as  vegetable  proteids: 
albumins,  ghbuUiu  (phytovitellin,  vegetable  myosin,  paraglobnlin), 
and  nucleoalbumtjts  (pea  legitmin).  Desides  these  a  special  groap 
of  coagulated  proteiila,  ao-cjiUed  gluten  proteins,  occnr,  which  are 
partly  Mtnble  in  alcohol.  It  seems  that  too  much  importance  is 
given  to  the  solnhilities  of  the  vegetjible  proteids,  anil  more  exhnus* 
tive  investigations  seeni  to  be  necessury.' 

Poisonous  Froteids.  Attention  was  called  in  the  first  chapter 
to  the  fact  that  high  plants  and  animals,  us  well  as  microbes,  can 
produce  proteiils  liaring  specific,  Hometimus  intense,  poisonous 
action. 

We  know  very  little  positively  in  regard  to  the  natnre  of  these 
proteids.  Those  which  have  boon  isolated  lielong  to  certain  of  the 
proteid  gronpa — some  are  albumins,  others  globulins  orcomponnd 
proteids,  and  the  majority  soom  to  be  alhumosca — still  little  is 
known  in  rt^rd  to  their  chemical  natnro.  From  a  chemical  stand- 
point we  do  not  differentiate  between  a  poisonous  and  a  harmless  pro- 
toid;  for  example,  between  a  poisonous  and  a  non-poisonotts  globn- 

'Se«  KjeldfthI  ITwIorAOgcliwr  ovtr  d«  optixk«  Korbold  hos  DogI«PlMit«- 
K-]i;Kelivld«atolTer  ForbuidliDgernff  ved  de  akaodinsTitiktF  Nklurfonkermt  14. 
Mtklr.     KiOlHralmvn.  ISSS- 
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tin.  The  {iiiidaineDtal  qnestion  whether  those  that  hare  been  iso- 
lated SB  poisonona  |)rut«id8  are  really  j)oiRonoii«  or  not,  or  whether 
they  coTiaist  of  a  hamilees  proteid  contaiiiiiiated  with  a  puiauiiuus 
snbtitance,  cannot  he  considered  as  settled. 

One  thing  fs  certain,  and  th»t  ia  that  one  and  the  same  toz- 
albnmin  can  shov  esBentiall;  ililTecent  cliemiciil  properLiea  under 
different  circa mstanoeft,  although  it  showe  the  same  specific  action. 
Tabercnlin  is  an  example  of  thio  kind,  Tlii^  at^rord'tng  to  nkoet 
mTeBtigatore,  is  on  alhumoae;  bnt  contrary  to  this  Hblhak'  baa 
isolated  a  tabercnlin  which  doot  not  act  like  an  albunioso  and  on 
the  whole  only  gives  faint  protoid  reactions.  The  elementary  eom- 
poeition  of  one  and  the  same  toxalbutnin,  prepared  in  different 
ways,  bIbo  shows  considerable  variations.* 

Under  snch  circnm stances,  nothing  doQnite  can  be  stated  in 
regard  to  the  propcrtios  of  the  difforcut  toxalbnmina.  The  study 
of  the  nature  of  poisonona  prot«ids  seems  to  be  in  the  same  state  as 
the  stndy  of  the  enzymes,  and  wc  cannot  deny  that  in  many  cases 
an  nnmistakable  similarity  of  action  is  oliserved  between  tozalbn- 
miDs  and  enzymes. 


II.  Gonipounil  Protelda. 

With  this  name  we  degignate  a  clofsi  of  bodies  which  are  more 
complex  than  the  simple  proteids  and  which  yield  an  nearest  split- 
ting prodacts  simple  proteida  on  one  side  and  non-proteid  bodieK, 
each  as  coloring  matters,  carbohydrateii,  xanthin  baaea,  etc.,  on  the 
other.* 

The  compound  proteids  known  at  the  present  time  arc  divided 
into  three  chief  gronps.  Those  groups  arc  the  hanui^loliins,  the 
glt/coprvteidst  and  the  nucUoproteids.  The  haemoglobins  will  be 
treated  uf  in  a  following  chapter  (Chapter  VI,  on  the  blood). 

Qlycoproteids  are  those  conijiouud  proteids  which  ondecomposi- 
tioD  yield  H  proieid  on  one  side  and  a  carbohydrate  or  derivatives 
of  the  same  on  the  other.     Some  glycoprotoids  are  free  from  phox- 

'  Arrhivr"  dr  ncirncm  biulngiqiloN  do  8t,  Pnti!rstj|)urj[.      Tnmn  I,  1802, 
*S>«S    llxi^n^owaki  anil  L.  (is  Itekow>«ki     ]{«clipn:]i«8  aar  ia  transforma- 

lloB  dw  milivui  nutritits  iiat  leu  baciUes  de  la  iii[)1jtli^rie,  «lc.     AnibivM  il« 

adeoen  iMoloffiqaaB  dfl  Si.  Poltinibuurg.     Toicii*  1,  Jtj93. 

'  Uoppe-SejUr  liait  given  ihe  namci  proUnU  M  these  componnd  proteida,  bat 

u  ihia  t«rra  is  inuleaditig  in  EagHiih  we  ilo  not  use  It  in  Knf  ILsb  clftNSifi cations 
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piioras  (mucins,  mucinoids,  and  hyalogens),  and  some  contain 
phosphoroa  (phosphoglycoproteids). 

Hncin  Substances.  We  designate  as  mucins  colloid  sabstances 
whose  solutions  are  macilaginons  and  thready,  and  which  when 
treated  with  acetic  acid  give  a  precipitate  insoluble  in  an  excess  of 
acid,  and  on  boiling  with  dilute  mineral  acids  yield  a  substance 
capable  of  redacing  copper  oxyhydrate.  Tliis  last-mentioned  fact, 
which  was  first  observed  by  Eichwald,'  differentiates  mucins  from 
other  bodies  which  have  long  been  mistaken  for  it  and  which  have 
similar  physical  properties.  On  the  other  hand,  bodies  whose 
pliysical  properties  differ  from  it,  bat  which  give  a  rodncibie  sub- 
stance on  boiling  with  dilute  mineral  acids,  have  also  been  designated 
as  mucins. 

The  different  bodies  characterized  as  mucin  substances  corre- 
spond, first,  either  to  true  mucins,  or,  second,  to  mucoids  or 
mucinoids. 

All  mucin  substances  contain  carbon,  hydrogen,  nitrogen, 
sulphur,  and  oxygen.  Compared  with  albuminous  bodies  they  con- 
tain less  nitrogen  and,  as  a  rule,  considerably  less  carbon.  As 
immediate  decomposition  products  they  yield  albuminous  bodies  on 
one  side  and  carbohydrates  or  acids  allied  thereto  on  the  other. 
On  bolting  with  dilute  mineral  acids  they  all  give  a  reducing  sub- 
stance. 

The  true  mucins  are  characterized  by  their  natural  solution,  or 
one  prepared  by  the  aid  of  ji  truce  of  alkali,  being  mucilaginous, 
thread-like,  and  giviug  a  precipitate  with  ftcetic  acid  which  is  in- 
soluble in  excess  of  acid.  The  mucoids  do  not  show  these  physical 
properties  and  have  other  solubilities  and  precipitation  properties. 
As  we  have  intermediate  steps  between  different  albuminous  bodies, 
so  also  we  have  such  between  true  mucins  and  mucoids,  and  a 
sharp  line  between  these  two  groups  cannot  be  drawn. 

Tnie  miicins  are  secreted  by  the  larger  mucous  glands,  by  cer- 
tain mucous  membranes,  also  by  tlie  skin  of  snails  and  other 
animals.  True  mucin  also  occurs  in  the  couuective  tissne  and 
navel-cord.  Sometimes,  as  in  snails  and  in  the  membrane  of  the 
frog-egg  (GiACOSA  *),  a  mother-substance  of  mncin,  a  muoint^n, 
has  been  found  which  may  be  converted  into  mucin  by  alkies. 

>  Anna!,  d.  Cliem.  a.  Phaim.,  Bd.  1S4. 

■Zeitsehr.  f.  pbTsiol.  Cham.,  Bd,  7;  bIbo  HBmmftTBten,  PflQger'a  Archlv, 
Bd.86. 
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Macoid  sobscancflB  ore  foaud  in  cartilage,  cercaiii  cysta,  in  the 
corae«,  the  crystalline  lens,  white  of  ogg,  and  in  etirtuiii  asRitic 
fluids.  As  the  mucin  qaestion  has  bocu  verjr  little  studied,  it  is  at 
the  preeent  time  impoaeible  to  give  any  positiTO  statements  in  regard 
to  the  occurrence  of  mncInB  und  mucoids,  ospocially  as  without. 
doubt  in  many  cases  non-mncinons  sabstunoos  have  been  doscribcd 
ae  muoias.  So  ranch  ia  sure,  that  mncins  or  nearly  related  bodica 
occur  widely  diiTnscd  in  the  organism  in  cortuin  tiaeaes.  Fr<iin 
their  tlecomposition  products  we  dcrice  a  greut  deal  of  knowledge 
in  regard  to  the  formation  and  splitting  of  onrbohydratea  or  kindred 
bodies  (glycnronic  acid)  from  otlier  complex  grotiiie. 

Tme  HacioB.  Thns  far  vc  have  been  able  to  obtain  only  a  few 
mucins  in  a  pnre  and  nnchanged  condition  due  to  the  reagenta  naed. 
The  elementary  analyaee  of  these  mucins  have  given  the  following 
reanlte: 

C        H         N        8         o 

MqcIq  from  Basil S0.S3   6.84    13.&5    1,75    37.44    (EIaumahstkb)' 

^lui-in  from  Uirdon 48  80    8.44    11.75    ll.SI    39.70    (l.oKnntcm' 

Miuuii  fiiiiii  iiubwaxillur...    46.84    6.80    13  82    0.U4    81.20   (Hamhaustrh)' 

The  mnciu  of  the  snail-skin,  which  stands  closest  to  keratiD, 
contains  more  sulphur  tbau  the  other  nincinB.  The  sulphur  is 
moreorer,  at  least  in  certain  mucins,  port  in  loose  and  [lart  in  strong 
chemical  union. 

Hy  the  action  of  anporhcated  afcoam  on  mucin  a  carlmhydrate, 
aiiiimtl  gum  (Lamiwkuh  '),  is  split  oil.  This  is  not  osaentially  true 
for  all  mucins,  na  the  mucin  from  the  submaxillary  gland  yields  a 
gommy  subetanco  containing  nitrogen,' 

On  boiling  mucin  with  dilute  minorn)  ocida,  acid  albuminate 
uid  bodies  similar  to  albumoee  or  peptone  are  obtained,  beiiidea 
a  retlncing  substance  which  has  not  been  closely  stndiod.  Ity  the 
action  of  stronger  acida  wc  obtain  among  other  bodies  leiicin,  tyro- 
ffln,  and  leTulioic  acid  (Landwkhh).  Certain  mucins,  as  the  sub* 
maxillary  mnoin,  are  euaily  changed  by  rery  dilute  alkalies,  us 
lime-water,  whilo  others,  snub  as  tendoti-mucin,  are  not  affected 
(LoBBiHOH*).     If  a  strong  caustic-alkali  Bohition,  as  a  fi^  KOK 

•  Paaget'*  AnhW.  Bd.  80. 
*Zeitscbr.  f.  ph/siol.  Cbetn.,  Bd.  10. 
«Zeit>tfbr    t.  pb^aiol.  Oliecn.,  Bd.  13. 

'Zeitwbr.  f.  pb.niol.  Ciu^m..  Bd>l.  8  u<]  9  ;  tdno  PflQ^r'a  Archlv.  Bdd.  99 
ud4D. 

*Xot  offloiallr  pnblisbvd  hy  tbe  suthor. 
*Zeltsebr.  (.  phjaiol.  Cbem.,  Bd.  10. 
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Bolution,  ig  allowed  to  act  on  sobmaxillory  mnciti,  we  obtain  alkali 
albnmiEiate,  a  body  siniilar  to  oJbnmoao  and  peptone,  and  one  or 
more  siibBtanccB  of  an  acid  reaction  and  with  strong  reducing 
powers. 

In  one  or  tlie  other  respect  the  different  mncina  act  somewhat 
difforeutly.  For  example,  the  snail  and  tendon  mucinB  are  insolu- 
ble in  dilate  hydrochloric  acid  of  1-3  p.  m.,  while  the  mncin  of  the 
suhmaxiUnry  gland  and  the  naval-cord  are  soluble.  Tendon-macin 
becomes  Jlnky  with  acetic  acid,  while  the  other  mncins  are  precipi- 
tated in  more  or  less  fibrous,  tough  magse^.  Still  all  the  mncina 
have  certain  reactions  in  common. 

In  the  dry  state  mncin  forms  a  whit©  or  yellowiah-gray  powder. 
When  moist  it  forma,  on  the  contrary,  flalrea  or  yellowish- white 
tough  Inmpe  or  massea.  The  mncina  are  acid  in  reaction.  They 
give  the  color  reartiona  of  the  ftlhnminons  bodiea.  They  are  not 
solnble  in  wat«r,  hut  may  give  a  nentral  Rolntinn  with  water  and  the 
smallest  quantity  of  lUkali.  Sunh  a  solution  douf?  not  coognlnte  on 
boiling,  while  noetic  uotd  gives  ixt  the  normal  temperature  a  precipi- 
tate which  IK  inaolnl)lc  in  an  excess  of  the  precipitant.  If  5-lOjf 
XaCI  be  added  to  u  mucin  solution,  thia  can  now  be  carefnlly 
HcidiEed  with  acetic  acid  without  giving  a  precipitate.  Snch 
ucidiOwl  golntions  are  copioualy  precipitated  by  tannic  acid;  wilL 
potasBium  ferrocryanide  they  give  no  precipitate,  bat  on  snfticient 
concentration  they  become  thick  or  viscoug.  A  nentral  solution  of 
nmcin*alkali  ir  precipitated  by  alcohol  in  the  pi-eseuce  of  nentral 
Halts;  it  10  alflo  precipitated  by  sototoI  motallic  salts.  If  mucin  it 
heated  on  the  water-bath  with  dilate  hydrochloric  acid  of  about  2)<, 
th«  liquid  gradually  becomes  a  yellowifth  or  dark  brown  and  r«- 
daces  copper  oxyhydratc  from  alkaline  solntions. 

The  mncin  most  readily  obtained  in  large  qnantifcies  is  th«  mb- 
maxillary  mucin,  which  may  bo  prepared  in  the  following  way: 
The  Iilt«red  watery  extract  of  the  gland,  free  from  form-elements 
and  OS  colorless  lis  possible,  is  treated  with  35*  hydrochloric  acid, 
80  that  the  liquid  containij  \.h  p.  m.  HCl.  On  the  addition  of  the 
acid  the  miiciu  is  immediately  precipitated,  but  diasolvee  on  stirring. 
If  this  acid  liquid  in  imniudiutely  diluted  with  '2-3  vole,  of  water, 
the  mncin  separates  and  muy  be  purified  by  rodissolTing  in  1-fi 
p.  m.  acid,  and  diluting  with  water  and  washing  therewiui.  The 
mucin  of  the  naval-cord  may  be  prepared  in  the  same  way.'     The 

<  Tbe  author  hu  nol  t>Mn  %h\«  to  obUln  tliis  par*.  «o  itic  Aoaljrsls  Uu  Dot 
bMB  gLvan  In  tbo  praviooa  tabte  of  tba  tnaciiw. 
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t«ndon-macin  ia  prepared  from  tendonR  which  bare  fireC  been  frct^f 
from  proteid  by  common-salt  Bolutioii  and  water.  They  are  ox- 
trHCted  with  lime-wfttor,  tlie  filtnile  is  jut-ciiiitaUi!  with  acetic  acid, 
ind  the  precipit&te  purified  by  rediB8oIviiig  in  dilate  alkali  or  lime- 
rvater,  ^irectpitating  witii  acid,  and  washing  witli  water  (Koi.Lfnr,' 
LoEDiticii).     Ijastly,  tlie  inticins  nre  treated  with  alcidiol  and  ether. 

Huooidi  or  MucinoidB.  To  tliis  group  belong  psetulomuein^ 
which  occurs  in  ururia)  licjiiidB,  colloid,  which  is  probably  related 
thereto,  and  chotuiromucoid,  which  occurs  in  cartilage,  and  others. 
Theee  bodies  will  be  treated  of  lator  in  their  respective  chaptors. 

Hjmlonnt.  Under  thin  namo  KRCBKHUSna  *  hut  duKignittud  i  number  of 
difTtrririg  bodiM,  vrhicb  am  otiarnctcrisAd  b;  thr  rollnwinK  Hy  (ltd  artioD  of 
albmtiw  ib«5  cLsn^rP,  witli  tbv  stiliuin^<^  of  niil|>biir  uiij  nquiv  oilrueuii,  into 
Dtuble  allm^^laut  {1^HllI(!Me•iled  by  hlni  hyaiiius  &ml  which  yinld  K  purs 
ftrbobjdnte  hj  furlbtrr  dMOmposttion.  Vie  Qnd  rliut  vary  bet«rogeu«i>iiH 
sab(U4Uic«s  kra  iucludwl  in  tbew  groups.  CerUiu  of  tbes«  lij'&IoKeus  iteent  ud- 
doubtedly  to  bo  gIvcupruMids.  JvMMn'  of  tbo  Chinese  Hiible  HWAlLow'sneat, 
numbranin*  of  I>Bpcbmet'b  mombmne  artd  of  lUc  c&p«tila  of  iliu  i:;r>«f 
tallino  lens.  »nd  tpirvgmpftia*  of  thf  nkfilplnl  tiHuiin  of  lh«  worm  Etpiro- 
■raphia  mvdi  to  Ml  tjt  vucb.  OthiiTis  oti  \]io  contrftry.  euvh  as  hyaiin*ot 
Ui«  wmlte of  bydslld  eysut,  onvphin^  from  tU«  tulifvt  nf  Onuphls  tiibtcola.  sooin 
not  to  be  tiompouDd  proteidii.  Tbe  no-cajli-tt  muria  of  V\t  hoUtthurrjt,*  mnA 
ehondroiin*  of  ihe  Bpon|[e,  Choodrosla  retiirorniis.  aud  oiben  uisv  bIjv>  l>9 
elaaoed  witb  tbe  hj'&logfiuii.  Aa  tba  various  bodies  deBiguat«d  by^KCKKH- 
BBBO  as  fajalofcciiH  *ra  vorj  disftlmilar.  it  is  not  of  mncb  importuico  to  armnge 
tlWB  in  ap«cial  groupe. 

FbMpboglycoiirotiJda.  Tbis  croup  iucludos  tb«  pbospborised  gljrcopmteidii, 
Tb*H«  ioiii|i(niiiii  [initf^idx  art!  iltM-nmjMiscfl  bj  pepsin  afiTOMion  and  split  oil 
pui^  QF  jiKHU'douut.'Ifin,  niuiiUr  lu  uuclmialbuuima.  Tlun'  diffur  from  tba 
nocleoalbu alius  Id  that  lliey  jteld  a  rciduclut;  Bubstaoce  on  boiling  witb  acids. 
and  from  the  nucleoprot«ids  in  that  ibe>-  do  not  yiald  luithin  bsAM. 

Ouljr  two  pbospborist-d  f^lycoproteidH  aru  kuoivn  at  tbe  preienf  time,  naiualj, 
ithlhutin.  occurrins  in  r«rp  Pggs  and  studio  bv  Waltkh  '*  and  wblob  wor" 
eoBBlderad  an  vitollin  for  a  liino  Icbthulin  bas  tbu  following  Doinposiiiao  ,  V- 
BB.88:  117.71;  NI5.M:  iS  0.41  :  I' 0.48  i  Ko&.l(K(.  In  rr^nrd  to  »»lut>ilit{«B 
ll  is  aliuilar  to  a  globulin.  Wai.TKk  ban  prR[>ar<»i]  a  rrKturring  Kiil>i(tHni-«*  fr»ni 
Uw  parmaueleUi  of  Icbtbulin  wbicb  tifiive  a  very  cryatallluu  coiubiuatiou  with 
pbeoylbydmsln. 

Another  pbaapbo([lycoprotflid  is  be4if?proUid.,  obMiovd  by  Llieauttior"  fron 

•  Viitm.  Sfttungflber..  BA.  30.  Abtb.  S. 
■Verb.  d.  pL>^u](.>ro6d.  Geaellscb.  £U  WDnburg,  1888;   also  Z«it*cfar.    f. 

notogie.  Bd.  as. 

■Kraki>Db«rg,  Zeitscbr.  f.  Biologis.  Bd.  S3. 
•C.  Tk.  MOrner.  ZeitKbr.  f.  pby-tiol.  Cbm»..  Bd.  IB. 

•Kiukwlwig.  Wllrxburg.  Vurbaudl,  18«3;  also  Zeitscbr  f.  Biolojio.  Bd  22. 
*A.  hneke.  Arcb.  f.  patb.  Aitat..  Bd.  16:  alcio  KruUenberg.  V«rgl(iicii«nde 
pfayaid.  8tud.,  Serira  1  and  3.  ItML 

^  SdimiodfilMiiy,  Mittli.  aus  d.  niol.  Sut.  xu  Neapfll,  Bd.  8,  198S. 
' Hllger.  PHdser"*  Archiv,  B.I.  H. 

•  ErukBaberg,  Zeit«cbr.  f.  Uiologie,  Ud.3S. 
"ZsitMsfar.  r.  pbyniol.  CIkjiu..  Bd.  IB. 
«  PIlQger'a  Arehiv.  Bd.  86. 
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tlie  glands  of  the  euoil  Hplix  pomatia.  It  Iirb  the  folloffin({  composition : 
C  46.99  ;  H  6.78  ;  N  6.08  ;  S  0.Q2  ;  P  0.4?^.  It  Is  cooverted  into  a  ^mmjr, 
levorotatory  carbohydrate,  called  animal  nniatrin,  by  the  action  of  alkalies. 
On  boiling  with  an  acid  it  yields  a  dextrorotatory,  reducible  subatattce. 

NnoleopTOteids.  With  tins  name  we  deBignate  those  componnd 
proteids  which  yield  trne  nucleins  (see  Chapter  V)  on  pepsin  digee- 
tion  and  thoee  which  yield,  besides  proteids,  xanthlu  bases  or 
so-called  nnclein  bases  on  boiling  with  dilute  mineral  acids. 

The  nncleoproteids  seem  to  be  widely  diffused  iu  the  animal 
body.  They  occur  chiefly  in  the  cell  nuclei,  bat  they  also  often 
occur  in  the  protoplasm.  They  may  also  pass  into  the  animal  fluids 
on  the  deatrnction  of  the  cells,  hence  nncleoproteids  have  also  been 
found  in  blood  serum. 

They  may  be  considered  as  combinations  of  a  proteid  nnclena 
with  a  side  chain,  which  Kossel  '  calls  the  prostetic  oeoup. 
This  side  chain,  which  contains  the  phosphorus,  yields  on  the 
decomposition  of  certain  nueleoproteids,  sach  as  from  the  yeast 
cell,*  or  from  the  pancreas,'  besides  nacleiu  bases  also  redacing 
snbstances,  which  form  crystalline  combinations  with  phenyl- 
hydrazin.  It  is  still  an  open  question  as  to  the  formation  of 
reducing  substances  from  other  nncleoproteids.  This  prostetic 
group  may  be  split  off  as  nucleic  acid  (see  Chapter  V)  by  the  action 
of  alkalies.  The  nncleoproteids  seem  to  be  dissimilar  according  to 
the  kind  of  nucleic  acid  split  off  because  they  yield  differing  relatire 
amounts  of  the  various  xanthin  bases. 

The  nncleoproteids  are  acids  whose  alkali  compounds  are  solu- 
ble in  water  and  which  coagulate  on  heating  (this  is  true  at  least 
for  all  genuine  nueleoproteids  investigated  up  to  the  present  time). 
Tliey  may  be  precipitated  from  their  alkali  componnds  by  acetic 
acid,  and  the  precipitate  is  more  or  less  soluble  in  an  excess  of  the 
acid.  A  confusion  may  occnr  here  with  nncleoalbumins  and  also 
with  mucin  substances.  This  confusion  can  be  avoided  by  warming 
tlie  body  for  some  time  on  the  water-bath  with  dilute  sulphuric 
acid,  and  on  cooling  filtering  and  saturating  the  filtrate  with 
ammonia  anil  testing  for  xanthin  bodies  by  an  ammoniacal  solution 
of  silver  nitrate.  Anv  precipitate  formed  is  examined  more  closely 
by  the  methods  as  given  in  Chapter  V. 

■  Verb.  d.  physiol.  Oesellsch.  xa  Berlin,  1893-98,  No.  1. 

*  A.  Ko«m1.  Da  Bol>-R«7moDd'8  Archlv.  Physiol  Abtb.,  18U. 

■  O.  H'""'"^-'i  SSaHatdir.  f.  pbTitol.  Chem.,  Bd.  19. 


III.  AlbiiinofilK  iir  AlliuinhuildH. 

Under  chis  name  we  collect  into  a  special  group  all  those  protein 
bodies  wliich  cannot  be  pliiced  in  either  of  the  other  two  groups. 
althongli  they  dlfTor  essentially  among-  themselves  aod  from  a 
dieniical  Htandpoint  do  not  ehow  any  nidic&l  difference  from  the 
Irne  proteid  bodies.  Tlie  most  important  and  abnndaiit  of  the 
hodi&i  belonging  to  this  gronp  are  important  constituents  of  thft 
animal  ekelcton  or  tlie  ciit«neou8  stnictnre.  They  occur  as  a  rule 
iu  HD  insoluble  state  in  the  organiun,  nud  they  are  distiuguielied  in 
inoi^t  cases  by  a  prononnceil  resistance  to  reageuta  which  dissolve 
proteid.s  or  to  cliemical  reagents  in  general 

The  Keratin  Oronp.  Keratin  is  the  chief  couatitDent  of  the 
homy  structure,  of  the  epidermis,  of  hair,  wool,  of  the  nails,  hoofs, 
hurne.  featlierw,  of  tortoise-shell,  etc.,  etc.  Keratin  is  also  found 
■8  nenrokeratin  (KCnxB')  iu  the  brain  and  nerves.  The  shell- 
membntiie  of  Llie  heirs  egg  seems  also  to  consist  of  keratin. 

It  sterns  that  there  exist  more  thauonu  keratin,  ami  tbei>e  fonn 
a  special  group  of  bodies.  This  fact,  together  with  the  diflUcnlty 
iu  isolating  the  keratin  from  the  tibsnes  in  a  pure  cnnditioii  without 
a  partial  decomiHtsition,  is  saElicient  exj>lutiutioii  for  the  variation  iu 
the  elementary  comjKMition  given  below.  A^  examples  tliu  analyses 
of  a  few  tissues  rich  in  keratin  and  of  keratins  are  given  as  follows: 
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MnHR*  bus  determined    the  qnantity  of  solphnr   in    various 

ilin  gnbstances.     The  percentJige  variea  from  2.6  to  5.3.     Sul- 

Ittir  is  at  least  in  part  in   Innse  combination,  and  it  is  partly 

'  KQline   AIkI    GwaM.    V>r)i     d    nnttirljintoi'  -m^il.    V«r«ina    £u    Befdeibet^ 
(N.  F.).  Bd.  1  -,  niMO  Ktlboi^  ond  ClikUt^ndfln,  ZfiUcbt.  f.  Blulr>gtn.  Bd.  8fl. 

*  Aonal    d.  riMiD   u.  I'Uarni.,  Bd.  4&. 

*  Venurli  eiuer  bIIr^di   plijMoI   L'lgeni.     BrftURKbweliK,  1844-fil. 

*  S(^  Irrpclis'l  in  Ijuli^nliur^'H  HuidwOrtorbdcb  d.  Chem.,  Bd.  8. 
'  Sm  Mal/'>^  Jftlirpst>erlriit.  1881 

■  ZtrilMcLr   C.  pbrsiol.  Cbrra..  ild   20. 
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removed  by  the  action  of  alkalies  (ae  snlpfaidcs),  or  indeed  in  part 
by  boiling  with  water.  Combs  of  lead  after  long  nsage  become 
black,  and  this  is  dae  to  the  action  of  the  sulphar  of  the  hair.  On 
]ieating  keratin  with  water  in  sealed  tubes  at  a  temperature  of  ISC'* 
to  200"  C.  it  dissolTes,  with  the  elimination  of  eulphuretted 
hydrogen,  forming  a  non -gelatinizing  liquid  which  contaicB  albu- 
mose  (called  keratinose  by  Krukenbehg  ')  and  peptone  (?).  Kera- 
tin is  dissolved  by  alkalies,  especially  on  heating,  forming,  besides 
Alkali  sulphides,  albumoses  and  peptones  (?). 

The  decomposition  prodncts  of  keratins  are  moreover  the  same 
ne  the  true  proteids.  On  boiling  with  acids  we  obtain  besides  lencin 
and  tyrosin,  which  occurs  in  relatively  great  amounts  (l-5;{), 
asparaginic  acid*  and  glutamic  acid,'  ammonia,  and  sulphuretted 
hydrogen.  Hedin*  has  obtained  a  little  lysin  and  considerable 
lysatinin  from  horn  shavings.  Besides  these  he  obtained  a  sulphur 
compound  whtwe  hydrochloric-acid  combination  had  the  composi- 
tion C„H„N,0„SC1,,  and  another  body  which  is  perhaps  identical 
with  serin.  There  is  no  doubt  that  the  keratins  are  derived  from 
the  proteids.  Deechsel  '  is  also  of  the  opinion  that  in  the  keratin 
a  part  of  the  oxygen  of  the  proteids  is  exchanged  for  sulphur,  and 
a  part  of  the  lencin,  or  any  other  amido-acid,  is  exchanged  for 
t  vrosin.  Keratin  and  proteids  give  the  same  decomposition  products, 
with  the  exception  that  the  former  gives  proportionally  a  greater 
quantity  of  tyrosin  (1-5^).  Among  the  sulphurized  cleavage 
products  of  keratin  Emmerling*  found  cystin^  and  Suteb'  thio- 
lactic  acid.  Suter  could  not  detect  either  cystin  or  cystein. 
Among  the  cleavage  products  obtained  by  the  action  of  hydrochloric 
acid  and  tin  chloride  Hbdin  '  obtained  a  base  which  is  probably 
identical  with  the  base  arginin,  CjII^N^O,,  isolated  by  Schulze 
and  SXBiGEii  *  from  lupin  and  malt  acrospire. 

■  Untersoch.   Qber    d.    chem.    Bau    d.     KiweisakOrper.       SiUaogvber.  d. 
JeDBiBchen  Gesellecb.  f.  Med.  u.  Natnrwissensch.,  1886. 

"  Kreasler,  Journ.  f.  prakt.  Chem.,  Bd.  107. 

■  HorbaczewBki,  Sitzungsber.  d.  k.  k.  Wien.  Akad.  d.  Wissensch.,  Bd.  SO. 

*  Kgl.   fyaiogr.   Sollsk.  i  Luod  handlingsr,  Bd.  i ;  also  Male's  JahreBbw., 
Bd.  iii. 

*  Drochsel  in  Ladenborg's  HandwOrterbuck  d.  Ch«m.,  Bd.  8. 
<  Cbemiker-Zeitnog.  No.  80,  1894. 

^  Zeitschr.  f.  pkyalol.  Chem.,  Bd.  80. 

■  Tbui..  Bd.  M. 

*  /bid.,  Bd.  11,  8.  48. 
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Boditis  occur  in  the  animal  kingdom  trhiob  form  intermediate 
bodies  betve«n  coagulated  ftlbnmin  aiid  keratin.  C.  Th.  Murxcb  ' 
has  detected  sacli  a  bodr  in  tbc  tracheal  cartll^c,  which  forma  a 
net-liko  basement  membrane.  This  snbstance  appears  to  bo  related 
to  keratin  on  account  o(  its  solubilities  and  on  the  <^jiiantit_v  of  tbe 
sulphur  (which  turae  lead  block)  it  contaioe,  while  according  to  ita 
solubility  in  gastric  juice  it  must  stand  close  to  the  proteide. 
Another  Bubatauce,  more  simibir  to  kemtin,  forma  the  homy  layer 
in  cho  gizzard  of  birds.  According  to  J.  UEnE-Siift'  thia  aabatancc 
is  inaolable  in  gastric  or  pancreatic  jnicc  and  acta  qnite  similar  to 
keratin.  It  contains  only  1*  sulphur,  and  yields  ou  decomposition 
only  Tcry  little  tyrosin  besides  conaidemble  leiicin. 

Keratin  is  amorphous  or  takes  the  form  of  tho  tiasiiea  from 
vhicb  it  was  prepared.  On  heating  it  decnmi)oses  and  gonemt«8 
an  odor  of  burnt  horu.  It  is  Insoluble  In  wiit«r,  idcohol,  or  ether. 
On  heating  with  water  to  ld0''-200''  C.  it  dissolves.  It  also  dis- 
solvee  gradually  in  caustic  alkalies^  especially  ou  heating.  It  is  not 
diaaolTe^l  by  urtiOcial  gastric  juice  or  by  Crypi^iii  solutions.  Keratin 
giv6B  the  xanthoproteic  reaction^  as  well  as  the  reaction  with 
lilLLON's  reagent,  eren  though  they  are  not  always  ty]iioul. 

In  the  preparation  of  kenain  a  finely  dividal  horny  structure  is 
treated  first  with  boiling  water,  then  conaecutircly  with  diluted 
acid,  pepsin-hydrochloric  acid,  and  alkaline  tr^'paiu  solution,  and, 
lastly,  with  water,  alcoltol,  and  ether. 

Elastin  occurs  in  the  connective  tissue  of  higher  animals,  some- 
times  in  such  large  <^nantiti<«  that  it  forms  a  special  tissue.  It 
occurs  moat  abundantly  in  the  cervical  ligament  (ligameutom 
iiachav). 

Elastin  is  generally  considered  as  a  Bulphur-free  substance. 
According  to  the  investigations  of  CurnxNDJfX  and  IIaut,'  it  is  a 
qnestioQ  whether  or  not  elastin  doee  not  contain  etUphur,  which  is 
runored  by  the  action  of  the  alkali  in  its  preparation.  U.  Schwakz' 
has  been  able  to  prepare  an  elastic  containing  solphor  from  the 
aorta  by  another  method,  and  tliii!  sulphur  can  be  removed  by  the 
action  of  alkalies,  without  changing  tlie  properties  of  the  elastin. 
Klaatin  is  hence  perhaps  a  protein  suhatance  containing  salphnr 
which  exists  only  loosely  combined.    The  most  traatworthy  analyses 

'  Mali's  J^liru-slwr.,  Bd.  18. 
■SluD<liniv.  Arch.  t.  Plijsiol..  Bd.  3. 
•  Zaitwhr.  f.  Biolopfe,  Bd.  2.V 
•Ztlt.s<ili».  f,  pl.vfliol.  CUora..  Bd.  18. 
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of  elastin  from  the  cervical  ligament  (Nob.  1  and  3)  and  from  the 
aorta  (No.  3)  have  given  the  following  results: 
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The  splitting  products  of  elaetin  are  the  same  as  for  the  tme 
proteids  with  the  difference  that  glycocoU  but  no  aspartic  and 
glntamic  acids  are  obtained.*  Tyrosin  is  only  obtained  in  small 
quantities.  Schwakz  was  able  to  detect  lysatitiiu  in  the  decom- 
position  products,  but  not  lysin  positively.  On  putrefaction  *  no 
indol  or  pbenol  is  obtained,  bnt  Schwasz,  on  the  contrary,  obtained 
indol,  skatol,  benzol,  and  plienola,  but  no  methylmercaptan,  on 
fusing  aorta-elastiu  with  caustic  potash.  On  heating  with  water  in 
closed  vessels,  on  boiling  with  dilute  acids,  or  by  the  action  of 
proteolytic  enzymes,  the  elastin  dissolves  and  splits  into  two  chief 
prodncts,  called  by  Hokbaczewski  Jiemielastin  and  elastinpeptone. 
According  to  Chittenden  and  Hart,  these  products  correspond 
to  two  albnmosea  designated  by  them  protoelastose  and  deutero- 
elastose.  The  first  is  soluble  in  cold  water  and  separates  on  heat- 
ing, and  its  solution  is  precipitated  by  mineral  acid  as  well  as  by 
acetic  acid  and  potassium  ferrocyanide.  The  watery  solution  of 
the  other  does  not  become  clondy  on  heating,  and  is  not  precipi- 
tated by  the  above-mentioned  reagents. 

Pnre  dry  elastin  is  a  yellowish -white  powder;  in  the  moist  state 
it  appears  like  yellowish-white  threads  or  membranes.  It  is  insolu- 
ble in  water,  alcohol,  or  ether,  and  shows  a  resistance  against  the 
action  of  chemical  reagents.  It  is  not  dissolved  by  strong  canstio 
alkalies  at  the  ordinary  temperature,  and  only  slowly  at  the  boiling 
temperature.  It  is  very  slowly  attacked  by  cold  concentrated 
sulphuric  acid,  and  it  is  relatively  easily  dissolved  on  warming  with 
strong  nitric  acid.  Elastinsof  differing  origins  act  differently  with 
cold  concentrated  hydrochloric  acid;  for  instance,  elastin  from  the 
aorta  dissolves  readily  therein,  while  elastin  from  the  ligamentnm 
nuclife,  at  least  from  old  animals,  dissolves  with  difficulty.    Elastin 

'  Zeitscbr.  f.  pliysiol.  Cbem.,  Bd.  6. 

'  Zeitscbr.  f.  Biologie,  Bd.  25. 

»  Zeilsclir.  f.  physio!.  Chem.,  Bd.  18. 

*  Hee  Drecbsel  in  LadeQburg'a  HutdwOrterbach  d.  Cfa«m.,  Bd.  8,  uid  Hor^ 
bacEewski,  Monatebefte  f.  Cbem.,  Bd.  6. 

*  Wttlcbli,  Joun.  f.  prmkt  Ch«m..  Bd.  17. 
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18  more  readily  dissolved  by  warm  ooncentnitod  hydrochlorin  octd. 
IL  rettpoiids  to  liie  xoiillioproteic  rcoctioti  aud  vith  Miulok's 
reagent. 

On  Account  of  its  great  re«Btance  to  cheintcal  reagent^  elagtin 
may  bo  propnred  (beet  from  tlio  ligHutoDtiim  nucliw)  in  tlie  follow* 
iog  way:  Kin>c  boil  with  water,  thea  with  1:^  caaiiiic  jioUuli,  tlieu 
ttguin  with  water,  udiI  IilsiIt  with  nneCic  ncid.  The  resjiliie  is 
tn^ated  with  cold  A^  hydrochloric  anid  for  twenty-four  hmin!,  care- 
fnlly  washed  with  water,  txtiled  tigniti  wit}i  water,  and  then  treatMl 
witii  alcohol  and  ether. 

W<-nWAT7,  first  incompletely  digested  the  tisaaes  with  pepsin, 
wastiud  finst  with  soda  Koluliuu  aud  then  with  water,  und  builed 
lastly  with  water  iiiilil  the  elastic  (Substance  wits  dissolved  away. 
The  dried  and  powdorod  eiibgtAnro  is  again  digested  with  gastric 
jnice  iind  treated  as  ahoxe,  and  then  boiled  with  water  until  the 
contaminating  reticulin-liku  aubstauce  is  completely  remoretl. 

Collagen,  or  gelatine-rorming  HnbciUnce,  ocoiirs  very  extensively 
in  the  animal  kingdom.  'L'lie  flesh  of  ceplmlopoila  is  elaiiiied  to 
contain  oollagen.'  Cnllagen  in  the  chief  t;onfttituent  of  the  librils 
of  the  connective  tifwue  and  (as  osriein)  of  the  organic  snbetances  of 
the  bony  fltmcturc.  It  alttu  occuni  In  the  i:artilaginoua  tisaues  M 
chief  constitnent,  bnt  it  in  here  mixed  with  other  snbetanoes,  pro- 
dociug  what  wus  formerly  cftlleU  ohondrigen.  Oollageu  from 
different  tissnes  haa  not  rpiite  tlie  B&me  composition,  and  probably 
there  are  several  vanetie»  of  colhigen. 

By  continnonsty  lioiliug  with  water  (more  easily  in  the  presence 
of  a  little  acid)  co3lagen  ia  converted  into  gelatine.  IIokmkistkr* 
fonnd  that  gelatine,  on  being  heated  to  VMf  C,  in  again  trans- 
formed into  collagen;  and  this  last  may  he  considered  as  the  anhy- 
dride of  gelatine.  Collagen  and  gelatine  have  aboot  the  eume 
compoeition: 

C          H  N  8+0 

Oo1l««rm &07S  M7  XIM  24.9S  (HoFUBittTKn) * 

(ielatino  Ifrom  barUkoni).     49.31  (1.55  IH.^I  25.77  (MirLlilUi} ' 

OrlKiiDc  (from  bones) 50  QO  0.50  IT.'iO  8f).00  (Fremy)  * 

PurUed  Qelatfne &U.H  tM  Id.l:!          (Paai.)> 

The  gelatine  contains  about   0.6^   snlphar,    which   probably 

>  Hoi>p«.8»yUr.  I'l.»*iol.  flimn,      ftBrliii,  1877-81.     8.  97. 

•Zellwhr.  (.  pUysiol.  CUem..  Ud.  2. 

■AdubI.  d.  Cbetu.  u.  PUKnn..  Bil.  4S. 

'Jabmbrr.  d.  CliL-tti.,  18S4. 

'Ber.  d.  dput«cb.  cbem.  HMellHcli.,  Bd.  8S,  9.  1808. 
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belongs  to  the  gelatine  and  does  not  exist  there  as  an  imparity 
from  the  proteids. 

The  decomposition  prodncts  of  collagen  are  the  same  as  those  of 
gelatine.  Gelatine  under  similar  conditions  as  the  proteids  yields 
amido-acids,  such  as  leuciu,  aspartic  and  glntamic  acids,  but  uo 
tyroein,  which  is  especially  important.  It  yields,  on  the  contrary, 
large  quantities  of  glycocoU,  to  which  the  name  gelatine  sugar  is 
given  on  account  of  its  sweet  taste.  Lysin  and  lyaatinin  have  also 
been  obtained  from  gelatine  by  DREcnsEL  and  E.  Fischeb.'  On 
putrefaction  gelatine  yields  neither  tyrosin,  indol  nor  skatol,*  in 
which  it  differs  from  the  proteids.  Still  the  aromatic  group  is 
not  absent  in  gelatiue,  and  it  acts  like  the  oxidized  proteid,  the 
oxyprotsulphouic  acid,  yielding  benzoic  acid  (Malt  '). 

Collagen  is  insoluble  in  water,  salt  solutions,  dilute  acids,  and 
alkalies,  but  it  swells  up  in  dilate  acids.  By  continuous  boiling 
M*ifch  water  it  is  converted  into  gelatine.  It  is  dissolved  by  the 
gastric  juice  and  also  by  the  pancreatic  juice  (trypsin  solution) 
when  it  hiis  previously  been  treated  with  acid  or  heated  with  water 
above  +  70°  0.'  By  the  action  of  ferrous  sulphate,  corrosive  sub- 
limate, or  tannic  acid,  collagen  shrinks  greatly.  Collagen  treated 
by  these  bodies  does  not  putrefy,  and  tauuic  acid  is  therefore  of 
great  importance  in  the  preparation  of  leather. 

Gelatine  or  glutiii  is  colorless,  amorplious,  and  transparent  in 
thin  layers.  It  swells  in  cold  water  without  dissolving.  It  dissolves 
in  warm  water,  forming  a  sticky  liquid,  which  solidifies  on  cooling 
when  sufficiently  concentrated.  The  quantity  of  ash  contained  in 
gelatine  is  of  the  greatest  importance  in  the  gelatinization  of  gela- 
tine solutions,  as  shown  by  0.  Nasse  and  A.  KrCger,'  namely,  a 
diminished  quantity  of  ash  diminishes  the  gelatinization  power. 

Gelatine  solutions  are  not  precipitated  on  boiling,  neither  by 
mineral  acids,  acetic  acid,  alum,  lead  acetate,  nor  mnieral  salts  in 
general.  A  gelatine  solution  acidified  with  acetic  acid  may  be  pre- 
cipitated by  potassium  ferrocyanide  on  carefully  adding  the  reagent, 

'  See  Dreclisel,  Der  &bbaa  der  £iweisskOrper,  Du  Bois- Redmond 'a  Arcbiv, 
1891. 

*  See  literature  oq  the  cteava^  products  of  gelatine :  Dreclisel  in  Laden- 
burg's  HandwOrterbucb,  Bd.  3. 

*Monatsbefle  f.  Cliem.,  Bd.  10. 

*  EQhne  and  £wald,  Verb.  d.  natnrliiBt.  mod.  Vereins  in  Heidelbe^,  1877, 
Bd.  1. 

>8ee  Maly'i  Jabrwber.,  Bd.  19,  S.  S8. 
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tot  on  the  addition  of  too  irnirh  poUaainin  ferrocyaniOo  the  litittid 
remaiDS  clear.  Oelatine  oolntions  are  precipitated  by  tAnnic  acid 
in  the  presence  of  salt;  by  acetic  acid  and  common  salt  in  giih. 
Btftnce;  inercnric  chloride  in  the  presence  of  TICl  and  NaCi;  ineta- 
pbosphoric  acid,  phosphomotyhdic  acid  in  the  prtJience  of  ncid ;  and 
lastly  by  alcohol,  eapeoially  when  nentnil  salta  are  prewiit.  Oelw- 
tine  solntiong  do  not  dJtTaae.  Gelatine  giree  the  biuret  reaction,  but 
not  ADAMKiEmcz'i?.  It  gives  Miu-os's  reaction  and  tlie  xantho- 
proteic acid  reaction  »o  faintly  t)iat  it  probably  ocean  from  an 
impurity  consisting  of  proteida. 

By  continnons  boiling  with  water  glntin  ia  cnnTert«d  into  a 
Dou-gelatinizing  modification  called  /^-glntin  by  N'as^e.  According 
to  NjLSSKand  Khi'URB  the  speciQc  rotatory  power  is  hereby  reduced 
from  —  1H7°.5  to  about  —  136".  On  long-continued  boiling  with 
water,  eBpecIally  in  the  presence  of  dilute  aoide,  also  in  the  gustric 
or  tryptic  digestion,  the  gelittine  itt  trauiffornied  into  gelatine  ulbtt- 
moaeB,  ao-^'slled  gdatowa  and  g^iabue  peptontv^  which  dillneo  more 
or  lew  reailily. 

According  to  Hofmkistrr  '  two  new  HuLwtanoes,  svimglulin  and 
hemiroVin,  are  formed.  The  former  ia  insoluble  in  alcch*)!  of  70- 
80^  and  is  precipitated  by  platinum  chloride, 
is  not  precipitat«d  by  platinum  chloride, 
CiiiTTE-viiES  and  Sollky  '  have  obtained  in  the  peptio  and  tryptic 
digcEtiot)  n  proh-  and  a  detilerogeltitoae,  besides  some  true  jieptone. 
The  elementary  cuiiipusitiou  of  the  gelatoses  does  not  essenliully 
differ  from  that  of  the  gelatine.  l*.v.M.'  bus  prepared  gelatine 
peptone  hydrochlorides  from  golatiiie  by  the  action  of  dilute  hydro- 
chloric acid.  Some  ol  these  salts  arc  i^ohiblu  in  ethyl  and  methyl 
alcohol,  and  otbon  insoluble  tlicrein.  The  paptunus  obtaine<1  from 
these  salts  contain  leu  carbon  and  inun*  hydrogen  than  the  glntin 
from  which  they  originated,  showing  that  liydration  has  taken 
plaoe.  The  molecular  weight  of  the  gelatine  peptone  »i«  determined 
by  Paal  by  Uaoi'lt's  method  waa  200  to  'M'yi,  while  ttitit  fur 
gelatine  was  STB  to  UOO. 

Collagen  may  be  obtained  from  bones  by  extnicting  them  with 
hydnichloric  acid  {which  disBolves  the  earthy  phoaphatee)  and  then 
carefully  removing  the  ncId  with  water.     It  may  be  obtained  from 

'Zeittchi,  f  phyisinl.  rliein..  ftl,  3. 

■Jauro.  nf  physio]..  Vol.  13. 

'Bar.  il.  dvutw;!).  elieiu.  Utwellach.,  Bd.  2S. 


The  latter,  which 
is  soluble  in  alcohol. 
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tendiHis  by  extracting  with  lime-water  or  dilnte  alkali  (which  die- 
soIto  the  proteids  and  mucin)  and  then  thoroaghly  washing  with 
water.  Gelatine  is  obtained  by  boiling  collagen  with  wat«r.  The 
finest  commercial  gelatine  always  contains  a  little  proteid,  which 
in:ty  be  removed  by  allowing  the  finely  divided  gelatine  to  swell  up 
in  water  and  thoroughly  extracting  with  large  quantities  of  fresh 
water.     Then  dissolve  in  warm  water  and  precipitate  with  alcohol. 

Cbondrin  or  cartilage  gelatine  is  only  a  mirture  of  glutin  with  the  specific 
ConetilueDls  of  the  cartilage  and  their  traosformation  products. 

Reticulin.  The  reticuhir  tissues  of  the  lymphatic  glands  con- 
tain a  variety  of  fibres  which  liave  also  been  found  by  Mall  '  in  the 
spleen,  intestinal  mucosa,  liver,  kidneys,  and  lungs.  These  fibres 
■coutiirit  of  a  special  substance,  reticulin,  investigated  by  Sieofkied.' 

Reticulin  has  the  following  composition:  C  53.88;  H  6.37; 
N  15. C3;  S  1.88;  PO.34;  ash  2.27.  The  phosphorus  occurs  in 
organic  combination.-  It  yields  no  tyrosin  on  splitting  with  hydro- 
chloric acid.  It  yields,  on  the  contrary,  sulphuretted  hydrogen, 
ammonia,  lysin,  lysatinin,  and  amido- valerianic  acid.  On  con- 
tinuous boiling  with  water,  or  more  readily  with  dilute  alkalies, 
reticulin  is  converted  into  a  body  which  is  precipitated  by  acetic 
jicid,  and  at  the  same  time  phosphorus  is  split  off. 

Reticnlin  is  insoluble  in  water,  alcohol,  ether,  lime-water, 
sodium  carbonate,  and  dilute  mineral  acids.  It  is  dissolved,  after 
several  weeks,  on  standing  with  caustic  soda  at  the  ordinary  tem- 
perature. Pepsin  hydrochloric  acid  or  trypsin  do  not  dissolve  it. 
Reticulin  responds  to  the  biuret,  xanthoproteic,  and  Adamkiewicz's 
reactions,  but  not  with  Millox's  reagent. 

It  may  be  prepared  as  follows,  according  to  Sieufried:  Digest 
intestinal  mucosa  with  trypsin  and  alkali.  Wash  the  residue,  extract 
with  ether,  and  digest  again  with  trypsin  and  theu  treat  with 
Alcohol  and  ether.  On  careful  boiling  with  water  the  collagen 
present  either  as  contamination  or  as  a  combination  with  reticnlin 
is  removed.     The  thoroughly  dried  residne  consistB  of  reticnlin. 

Skeletins  are  a  number  of  nitrogenized  substances  which  form 
the  skeletal  tissue  of  various  classes  of  invertebrates  bo  designated 
by  Kbukenberg.'  These  substances  are  chitin,  spoiigin^  con- 
chiolin,  corneiUf  and  Jibroin  (silk).     Of  these  chitin  does  not  belong 

Abhondl.  d.  matb.-phjra.  Klasse  d.  kgl.  eOchs.  Gesellsch.  d.  Wlss..  1891. 

*  Ueber  die  chemlBcliea  Eigenschaften  dea  reticalirten  Qewebes.  Inaagural 
diaserUtion.     Leipiig,  189S, 

*  GnmdxQge  eliwr  Twgl,  'Fbj^l.  4.  thler.  (ierQatBubst.    Heidelberg,  1886. 


to  the  protein  Btibstances,  and  fibroin  ((tilk)  U  hardly  to  be  claased 
OS  ii  Ftkelettn.  Only  hhone  iio-oalled  skeletins  will  be  gireu  that 
actiiallr  belong  to  the  protein  groti]). 

8|wngia  fonaa  tb«  cLieF  mjiKs  r>f  tbe  oriliriAiy  spi>iigc.  It  givM  na  g«lMin« 
on  iKtllio^  Willi  MKiiU,  ttiit  yir<t<l8  li>u<.'tii  and  Kl^cnooirMH]  mi  ivmHin  Zalo- 
t-ueTA8'  (*litiiui<  (u  Imvv  found  tvriwiii  aitil  alsii  liuittla&fu  aud  ffljcHlutim 
(('•liiiNfLtii.  Coiulilolln  11  fouitil  lit  iht  hIicJU  n(  iniLtiels  and  ^nailii  ftnii  nlB'> 
in  tliB  eiCK'*^^' --'*  "^  ihc^w.-  HnitnnlH.  It  yittliln  Itiui^in  but  no  lynmiii.  Tlii-  Bjaana 
conikina  *  wilwtaace,  l-Iosc-Iv  r<*liLUHl  lu  coiicbiollii,  wblcli  {h  ^oluM«  wiib 
dlffl<*uliy  Camttii  forma  tlio  uIaI  .tvMtem  nf  t)i«  Antipattifn  tnnl  linrj^iila.  It 
littv*  IciK-ib  and  k  crj'stkllixabln  >tiil)bla]ic«,  ttiruiergttaliiu  (KRi'KKNnUMO). 
rota  and  Strioln  nrv  llm  two  elupf  ci)nslltu«nti)  of  r»w  silk.  By  t!i«  acih>n 
8u jivrlivalol  waUT  t]i«  srHciu  dtssolvos  and  f^lalinixnh  mi  cuolin^  (silk 
^Wlntt).  wliili^  tlnr  innri^  Hillli'iittl.v  ftnlulilc  filjroin  tvuuinH  iii)di»<>nlvw]  in  tli« 
••liapT'  'ii  till-  uri^tinal  librr.  I)u  liiiiliiii:  with  nrirl  thn  libmiii  yield*  alnnin 
lWEn.*>.  glywteoll,  and  a  gri-at  dmi  (V^lt)  n{  lymsin.  T-'iliroin  is  diis«!rfd  in 
cold  coaoentntfid  Iiydr»cli1i<ric  arid  with  tltr  nxpulnion  at  \i  tiitrofifi^i  »» 
UDmonla,  uid  It  fs  '-uni-ert(.-il  into  antiiber.  nearlv  ri^lated  niibntain^  calli<d 
terie/nn  (Wi:vl).  Sericto  yields  no  girciiv'ill,  but  feuclu  and  n  cryslalliublfl 
aali9tfti)i%  call«d  Mrin  (ajuiditcthyletiUic'lic  acid).  Ttio  cutDpiwitiun  u(  lll« 
atwrre-inootionoil  bodicw  t»  n»  (oIIowh 

f  I!  N  B  0 

Cr>ucliivliu (from iHtai|.e(;gB)  50.93  4.68  MM  0.31  34.34  (KHt-KRHRi<:noi* 

Rpotiffla M  !H>  6,80  16.20  0.5  U;,.'W  (t'luxH'KKniri'}^ 

"       48.7:,  fl.sn  16.40  <P<j*»BF.i.T)' 

Con)(>in -ISUS  '>9*)  10.81  ....  36  S3  (KttLKKMiKitu)' 

FSbrolD ^M  «.'.>?  1S.81  37.10  (Ciuuf-k)^ 

"      48.80  6.rin  19.20  28.00  iVlrtxONf 

Sericin 44.B3  6.18  18.30  ....  iIO?0  (Ckamkk) 

Amyloid,  bo  coUod  by  Viiu^'iiow,  ie  a  protein  snbstnnoe  appetu'- 
ing^  nnder  pathological  conditioDB  in  the  internal  organs,  anch  aa 
the  spleen,  liver,  and  kidneys,  a&  infiUrations;  and  in  serous  mem- 
branes ae  graniilw  with  ooQcoiitrie  layer*.  It  probably  also  occnra 
ae  a  constitnent  of  certiun  prostate  calcoU.  Amyloid  lias  not  been 
obtained  pure,  therefore  it»«  eompo^ition  cannot  be  gircn  with  cer* 
tainty.  Fbikuhkich  and  Kkkilb*  loimd  <■  filJ.ii;  H  7.0;  N  15.0; 
and  8  +  0  24.4^.  KCuxb  and  liuDNEFF"  fonnd  I.35C  snlphiir. 
Amyloid  Ik  not  related  to  the  carbohydrates  in  the  ordinary  sense, 
aod  on  hoUlng  with  acids  it  gives  neither  glucose  nor  any  otlter 

'  Compt.  rend.,  Tomfi  107, 

*  D«>r.  d.  deulacb,  chem.  OeMliaeh..  Bd.  SI. 

*  Ibid.,  Bd.  18,  and  KeiLtclir.  i   Biulugie,  Bd.  88. 

*  Ann*l.  d.  I'hpm.  u.  Pliarm.,  Bd,  4S. 

*  PM.,  Bd.  46. 

*  B«r.  d.  duuisch.  cbeiu.  (iwwUiwli. ,  Bd.  17. 

*  Journ.  f.  pnki.  Chvm..  Bd.  Mt 

*  C^nnpt.  rend.,  Tnraa  115. 

*  ViraliAW'rt  .^rt^hlv,  IM.  16. 

t»iWf.,  B.1  sa 
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redncing  snbBtauce.  On  the  contrary,  it  yieltlB  lencin  and  tyrosin. 
According  to  Kraweovv,'  amyloid  yields  &  reaidne  similar  to  chitin 
on  boiling  with  strong  caustic  alkali. 

It  is  insolnble  in  water,  alcohol,  ether,  dilnte  hydrochloric  acid, 
and  acetic  acid.  It  is  dissolved  in  concentrated  hydrochloric  acid 
or  caastic  alkali,  and  is  converted  into  acid  or  alkali  albaminates 
depending  upon  the  agents  employed.  According  to  Kostjueik/ 
amyloid  is  dissolved  by  the  gastric  jaice,  which  is  the  reverse  of 
older  theories.  A.  Tschermak  '  fonnd  that  the  amyloid  from  the 
liver  and  spleen  was  readily  soluble  in  alkalies,  less  soluble  in 
organic  acids  and  mineral  acid,  as  well  as  by  peptic  or  tryptic 
digestion  or  by  heating  in  sealed  tubes  with  water.  First  soluble, 
unchanged  amyloid  is  formed,  which  is  then  transformed  into  albu- 
minates,  albnmoses,  and  peptones.  All  these  products  give  the 
same  color  reactions  as  the  mother-sabstance.  Tsoherhak  con- 
siders amyloid  as  a  coagulated  proteid.  Amyloid  gives  the  xantho- 
proteic reaction  and  the  reftctions  of  Millox  and  Adamkiewicz. 
Its  most  important  property  is  its  behavior  with  certain  coloring 
matters.  It  is  colored  reddish  browii  or  a  dingy  violet  by  iodine; 
a  violet  or  blue  by  iodine  and  snlphuric  acid;  red  by  methylaniline 
iodide,  especially  on  the  addition  of  acetic  acid ;  and  red  by  aniline 
green. 

Amyloid  is  prepared  by  extracting  the  tissue  with  cold  and  then 
boiling  water,  afterwards  with  alcohol  and  ether.  After  boiling 
with  alcohol  containing  hydrochloric  acid  and  digesting  with  gastric 
juice,  that  which  is  insoluble  is  considered  as  amyloid.  As  the 
amyloid  may  be  dissolved  by  the  gastric  jnice  (Kostjurin),  the 
utility  of  this  method  seems  doubtful. 

'  Ceutrallil.  f.  d.  ined.  Wissensch,  1893. 

*  Wien.  med.  JalirbQclier,  1886.    Cit.  from  Maly's  Jaliresber.,  Bd.  16,  S.  82^ 

*  ZeitscUr.  f.  pbyaiol.  Cbem.,  Bd.  80. 
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Wf.  (lenigfiiate  vitb  tbie  name  bodies  whiob  occur  e«p«cially 
Abuudunt  in  the  plant  kingdom.  Ah  tli^  protein  bodies  lorm  tlio 
chief  portion  o(  the  solids  in  Huinial  tissuea,  so  the  cnrboliydrntes 
form  chc  cliiel  portion  of  the  dry  substance  of  the  phnit  etrucliirc. 
Thoy  occur  in  the  auinml  kingdom  only  in  proportion^Ltely  BuiatI 
qoantitieB  either  free  or  in  oombiuatiouit  with  more  complex  mole- 
cules, forming  compound  proteidti.  l7arbohydrate«  are  of  eitraor* 
dinarily  great  importimce  m  food  for  both  miin  and  animals. 

The  cartfohydrate*  contHin  mrton,  hydrogen,  and  oxygen.  The 
two  elenieuta  oociii-  in  the  same  pruporliori  m  they  rto  in  water, 
lely,  2:1,  and  this  is  tbti  reusun  why  Llie  uiuiie  carWhyd rates 
has  beon  giren  to  them.  This  uume  is  not  quite  pertinent,  if 
strictly  ooniiidcred;  Ijecause  evun  though  ive  bare  bodies,  snch  SB 
acetic  acid  and  luetic,  which  are  nut  curVioliydratiM  and  etill  have 
their  oxygen  and  hydrogen  in  the  relationship  to  form  wiiter,  neter- 
theless  we  also  have  Bttgans  (rhainnose,  C,il,,0,)  which  have  Ihese 
two  dementa  in  nnotiier  proportion.  Heretofore  it  wati  thought 
poasible  to  cburacterize  as  carbohydrates  those  bodieii  which  con- 
tained C  atoms  of  carbon,  or  a  uiulti{ile,  in  the  niuleciile,  bat  tliia 
\A  not  OMiaidercd  valid  ut  the  present  time.  Wc  have  trtiH  carlKihy- 
drates  <wntainiug  lesG  than  0  and  alHo  those  containing  7,  8,  and  !> 
carbon  atoms  in  the  nialecnlo.  The  carbohydrates  have  no  pro|>er- 
Uea  or  chamcteristics  in  general  whicli  dillerentiatG  them  from 
Other  bodies;  on  the  contrary,  the  TurionG  carboliydratee  are  in 
many  caees  very  dilTercut  in  their  external  properties.  I.'ndcr 
these  circnmstancce  it  is  ^ery  difficult  to  give  a  ])OsitiTc  doQniiion 
of  carbohydrates. 

From  a  chemical  Rtandpoint  we  o&n  aay  that  all  carhithydrHten 
are  aldehyde  or  ketone  derirutivoB  of  hcxatomic  aleohole;.     The 
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simplest  oarbohydrates,  the  simple  sngars  or  monosaccharides,  are 
either  aldehyde  or  ketone  derivatives  of  these  alcohols,  and  the  more 
complex  carbohydrates  seem  to  be  derived  from  these  by  the  forma- 
tion of  anhydrides.  It  is  a  fact  that  the  more  complex  carbo- 
hydrates yield  two  or  even  more  molecules  of  the  simple  sugars 
when  made  to  undergo  hydrolytic  splitting. 

The  carbohydrates  are  generally  divided  into  three  chief  groups, 
namely,  vionosacchan'des.  disaccharides,  wi^  polysaccharides. 

Onr  knowledge  of  the  carbohydrates  and  their  structural  rela- 
tionships have  been  very  much  extended  by  the  pioneering  investi- 
gations of  KiLiANi '  and  especially  those  of  E.  Fischer.' 

As  the  carbohydrates  occur  chiefly  in  the  plant  kingdom  it  la 
naturally  not  the  place  here  to  give  a  complete  discussion  of  the 
nnmeroas  carbohydrates  known  up  to  the  present  time.  According 
to  the  plan  of  this  work  it  is  only  possible  to  give  a  short  review  of 
those  carbohydrates  which  occur  in  the  animal  kingdom  or  are  of 
special  importance  as  food  for  man  and  animals. 

Moiiosacclinrides. 

All  varieties  of  sugars,  the  monosaccharides  as  well  as  disaccha- 
rides, are  characterized  by  the  termination  "  ose,"  to  which  a  root 
is  added  signifying  their  origin  or  other  relations.  According  to 
the  nnmber  of  carbon  atoms  contained  in  the  molecule  the  mono- 
saccharides are  divided  into  tioses,  teiroses,  pentoses,  hezose*^ 
heptoses,  and  so  on. 

All  monosaccharides  are  either  aldehydes  or  ketones  of  hex- 
atomic  alcohols.  The  first  are  termed  aldoses  and  the  other  keioses. 
Ordinary  glucose  is  an  aldose,  while  ordinary  fruit-sugar  (fructose) 
is  a  ketose.  The  difEerence  may  be  shown  by  the  structural 
formula  of  these  two  varieties  of  sugar: 

Glucose  =  CH,(0H).CH(OH).CH(OH).CH(OH).CH{0K).CH0; 
Fructose  =  CH,(OII).CH(OII).CH(OH).CH(OH).CO.CH,(OH). 

A  difference  is  also  observed  on  oxidation.  Th.-  aldoses  can  be 
converted  into  oxyacids  having  the  same  quantity  of  carbon,  while 

I  Ber.  d.  deutscli,  chero.  GeBollsch.,  Bdd.  18.  19.  and  20. 

*  See  E,  Fisclier'R  lecture :  "  Syntliesen  in  der  Znckergruppe,"  Ber.  d.' 
deutsch.  chem.  Qe&ellsch.,  Bd.  33,  8.  3114.  Ad  excellent  work  on  Carbohydrates 
is  Tollen's  "Kunes  Handbucli  der  KoLlehjdrate,"  Breslaa,  1888,  which  gives 
a  complete  review  of  the  literature. 


the  ketoeea  yield  uciUs  Ii&TJng  le«d  carbou.  Oq  mihl  oxidation  the 
aldoectf  yield  mouobitaicoxyacids  und  dibiisicncitUon  more  onorgotic 
oxidalioD.  '['litis  ordinary  gltiuose  yields  gluconic  acid  m  the  first 
case  and  saccharic  acid  in  the  eecoad. 


■       upfi 


Gluconic  acid  =  Cn,(Oir).[Cn(0ri)]..C00U; 
Sacehiuric  acid  =  0OOir.fCU(OH)l..<JOO|I. 


The  monobasic  oxyaoids  aro  of  the  greatest  importance  in  the 
artilictal  formation  of  tlie  mouosuccbande«.  Tlieee  acids,  m  lac- 
tones, can  be  converted  into  their  respective  aldelivdes  (corresjwud- 
ing  to  the  migara)  by  the  actbn  of  noseent  hydrogen.  On  the 
oUier  hand  they  may  be  transfonaed  into  stereo* isomeric  acids  on 
heating  with  chinoUn,  pyridin,  etc..  aud  the  stereo- isomeric  lugars 
may  he  obtained  from  those  by  redactiou. 

Kumerous  isomers  occur  amoug  the  monoBocohimdea,  and  espe- 
cially in  the  hexnae  gronp.  In  certain  cases,  m  (or  instance  in 
glucose  and  (ructoec,  ve  are  dealing  witli  a  different  constitntion 
(aldoses  and  ketoses),  hot  tn  most  cases  we  hare  storeo-isomerisni 
dne  to  the  presence  of  asymmetric  carbon  atotiia. 

The  monosaccharides  are  conrerted  into  the  corresponding 
alcohols  by  nascent  hydrogen.  Thus  akahinusi-:,  which  is  a 
pentose,  C^H.^O^,  is  trnnsformed  into  the  pentatomic  alcohol, 
ARABIT,  C,II„0,.  The  tliree  liexosea.  (iHcutiK,  kki ctosk,  and 
uAUitrroHB.  C,H,,0,,  are  trnnsformed  into  the  corresponding  three 
liaxotomic  alcohols.  soKtiiTK.  uannitk,  and  lULciTt:,  C,ll.,l>^. 
Inversely,  the  corresponding  sngara  may  be  prepared  from  tlieir 
aloohola  by  careful  oxidation. 

Similar  to  the  ordinary  aldehydes  and  ketonee  the  sngars  m»y 
be  made  to  take  np  hydrocyanic  acid.  Cyanliydrities  are  thns 
fonned.  These  addition  prodncta  are  of  special  interest  in  thiit 
they  make  the  artiticial  preparation  possible  of  sugars  rich  in  ci.rboii 
from  sugars  poor  in  carbon. 

An  *xftmpl«>.  tr  wc  Mart  frrim  ftlncnto  vrc  nhtfiln  KlncACTanhjdrin  on  Ihn 
•diiitlon  of  hv<lrocj*Tiin  lund  :  i:il,(HlI),][UH(UH)J..('(»H  4-  111  S  =  UH.("H). 
rCH(OH)],.CII(OII).(.'N.  Oil  tli«  NitiiMriifinition  nt  KlufwvwilyiJHu  lli«  cor- 
fMpondin?  «KVMia  is  (nriued  :  (■H,(i»U)  [CH(0H)],.CII(OH)  CN  +  2H,0  = 
CiUtUIIVfC'HfUlin.  Cn[01!).tXM>II  -\-  mi,.  Bvtlieftcliun  orniuceni  hjrdrapiU 
on  thv  lactone  of  this  nrid  w«  obtain  tflucobeploHe,  CtHitOt. 

Tlie  mono«Bccharid«B  gire  the  corresponding  oximes  with  hydro- 
xylamin;  thoa  glncoae  yields  glncososimc,  CII,(Oll).[Cn(<)H)],. 
Cn  :  N.On.     These  combinationa  are  of  importance  on  account  of 
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the  fact,  as  found  by  Wohl,'  that  they  are  the  starting- point  in  the 
hnilding  np  of  Tarieties  of  sugars,  namely,  the  preparation  of 
engarg  poor  in  carbon  from  those  rich  in  carbon. 

The  monosaccharides  are  strong  reducing  bodies,  similar  to  the 
aldehydes.  They  reduce  metallic  silver  from  ammoniacal  silver 
solutions,  and  also  several  metallic  oxides,  sach  as  copper,  bismnth, 
and  mercnry  oxides,  on  warming  their  alkaline  solations.  This 
property  is  of  the  greatest  importance  in  their  detection  and  qnan- 
titative  estimation. 

The  behavior  of  the  sugars  to  phenylhydrazin  acetate  ia  of 
special  importance.  Their  watery  solutions  first  yield  htdba- 
zoNES  with  phenylhydrazin  acetate,  and  then  osazones  on  lengthy 
warming  in  the  water-bath.     The  reaction  takes  place  as  follows: 

(a)  CH^0H).[CH(OHl]..CH(OH).CHO+  H.N.NH.C.H, 

=  CH,(On).[CH(OH)],.CH(OH)CH  :  N.NH.C,H,  +  H,0. 
Ph  eny  Iglucoe  I17  d  razoa . 

(fr)  CH,(OH)[CH(OH)]t.CH{OH).CH  :  N.NH.C.H,  +  H.N.NH.C.H, 
=  CH,(OH).[CH(OH)],.C  :  CH  ■  N.NH.C.H, 

N.NH.C.H,  +  H,0  +  H,. 
Phenylgl  ucos&zon. 

The  hydrogen  is  not  evolved,  but  acta  on  a.  second  molecule  of  pbenjlhy- 
dnzon  and  splits  It  into  anilin  and  ammonia: 

H,N.NH.C,H»  +  H,  =  H.N.C.H.  +  NH.. 

The  osazones  are  yellow  crystalline  combinations,  which  differ 
from  each  other  in  melting-point,  solubility,  and  optical  properties 
and  hence  have  received  great  importance  in  the  characterization  of 
certain  sugars.  They  have  also  become  of  extraordinarily  great 
importance  in  the  study  of  the  carbohydrates  for  other  reasons. 
Thus  they  are  very  good  moans  of  precipitating  sugars  from  solu- 
tion in  which  they  occur  mixed  with  other  bodies,  and  they  are  of 
the  greatest  importance  in  the  artificial  preparation  of  sugars. 

On  splitting,  by  the  abort  action  of  gentle  heat  and  fitmiug 
hydrochloric  acid,  the  osazones  yield  phenylhydrazin  hydrochloride 
and  so-called  osoneb,  bodies  which  are  ketoaldehydes: 

CH,(OH).[CH(OH)]..C.CH:N.NH.C.H. 

N.NH.C,H,        +  3H,0  +  2H01 
=  20,H,.NH.NH,.HC1  +  0H.(OH).[CH(OH)],.CO.CHO. 

Ottmt. 

■  Bar.  d.  dmtMh.  olum.  OwilUA.,  Bd.  SS,  B.  780. 
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The  ketoses  are  obtained  from  the  ofiones  by  redaction  with  siuc 
dust  and  acetic  acid : 

€H,(OH).[OH(OU)1.CO.CHO  +  2H 

=  CH,(OU).[OH(OH)J,.CO.CH,(OH). 


M^ 


If  ve  start  vrith  an  aldose,  we  do  not  get  tbc  same  sngar  back 
,  bnt  im  iaomere  ketose,  and  in  this  way  we  can  convert  glncoso 
into  fructose. 

We  can  also  pass  from  t)ic  oaazoncs  to  the  corresponding  sngnrs 
(ketoses)  in  other  ways,  namely,  li>y  direct  redaction  of  the  osazonet* 
with  acetic  acid  and  zinc  dust.  The  corresponding  osamin  is  first 
formed,  and  then  on  treating  with  nitrous  acid  a  ketose  is  obtained : 

CH.(0U).[OH(OH)J..C.(H:N.NH.C,H, 

N.Nn.C'.H.  4-U.O  +  4H  = 

Cll,(0H).fCH(OII)l,.C0.CK.{NU,)+C.U,.NU.NH,+C,U..NH, 

boflucoaainln. 

and 

CH.(0H).(CH(OH)],.C0.CH,(NH,)  +  PINO, 

=  CH,(OU).LCH(OU)],.CO.CU.(OH)  +  N.  +  II.O. 

Frucitno. 

From  what  haa  been  stated  we  sec  that  there  are  various  ways 
of  preparing  sugars  artiticiiUIy.  They  oiay  be  prepared  (1)  by  the 
carofol  oxidation  of  the  related  alcohols;  (i)  reduction  of  the  corre- 
sponding monobaBic  oiyacida;  (H)  splitting  of  the  osazone  with 
hydrochloric  acid  and  a  reduction  of  the  o^onc;  {i)  direct  reduction 

I  of  the  osozone  and  treating  the  o&amin  with  nitrons  acid;  (5) 
sjrntheeea  from  combinations  poor  in  carbon  (see  syntheees  of  the 
faexoBee). 
The  monosaccharides  are  oolorlees  and  oiJorless  bodies,  ncntral  in 
reaction,  with  a  sweet  tante,  reailily  Boluble  in  water,  geueruliy  solu- 
ble with  dinicnlty  in  abiudnte  alcohol,  and  inHotuble  in  ether,  and 
some  of  which  crystallize  well  in  the  pure  state.  They  are  opticully 
active,  some  Itevcrolatory  and  others  dextrorotatory  i  but  there  are 
also  optically  inactive  niodificationti  (raoemic),  wliich  are  fonned 
from  two  optically  opposed  components. 

We  designate  thn  optical  activity  nf  tho  carbohydrates  with  the 
letter  1-  for  Usvogyrate,  d-  for  dextrogyrate,  and  i-  for  intictive. 
These  are  only   partly   usefal.     Thus  dextrorotatory   glucose  is 
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deaiguated  d-glncoee,  lievorotatorj  1-glucose,  and  the  inactive 
i-glucose.  Emil  Fisciikr  has  used  these  signs  in  another  sense. 
He  designates  by  ttiese  signs  the  homogeneousness  of  the  varioas 
kinds  of  BDgars  instead  of  their  optical  activity.  For  example,  he 
does  not  designate  the  Irevorotatory  fructose,  l-fnictose,  bnt 
d-fnictoae,  showing  its  close  relation  to  dextrorotatory  d-glncose. 
This  designation  is  generally  accepted,  and  the  above-mentioned 
signs  only  show  the  optical  properties  in  a  few  caseB. 

Specific  rotation  means  the  rotation  in  degrees  produced  Ity  1  gm.  substance 
dissolved  in  1  cc.  liquid  placed  in  a  tulie  1  d.  cm.  long.  The  reading  is  ordi- 
narily made  at  -\-  20°  C.  and  with  a  homogeneous  sodium  light.  The  ap.  rota- 
tion with  this  tight  is  represented  by  (i(l)),  and  ia  express»l  by  the  following 

formula  ;  n(D)  =  ±  — -,  in  which  a  represents  the  reading  of  degrees,  1  the 

length  of  the  tube  in  decimetres,  and  p  the  weight  of  substance  in  1  cc 
of  the  liquid.     Inversely  the  per  cent  /'  of  substance  can  be  calculated,  when 

the  specific  rotation  ia  known,  by  the  formula  P  =  — — ,  in  which  a  represents 

the  known  specific  rotation. 

A  freahly  prepared  sugar  aotution  often  shows  another  rotation  form,  when 
it  ia  allowed  to  stand  for  some  time.  If  the  rotation  gradually  diminishes,  this 
iH  called  birotation.while  a  gradual  increase  in  the  rotation  ia  called  half-rotation. 
The  birotation  and  half-rotation  may  be  immediately  abolished  by  the  addition 
of  very  little  ammonia  (1  p.  m.).     C.  Schultze  and  Tou-ins.' 

Many  monosaccharides,  but  not  all,  ferment  with  yeast,  and  it 
has  been  shown  that  only  those  varieties  of  sagar  containing  3,  6, 
or  9  atoms  of  carbon  in  the  molecule  are  fermentable  with  yeast. 
Still  amongst  the  hexoses  we  find  exceptions,  namely,  a  few  artifi> 
cially  prepared  hexoses  do  not  ferment  with  yeast.  Various  kinds 
of  schizomycetes  canse  a  different  fermentation,  sach  as  lactic  and 
butyric  acid  fermentation  and  mncilaginons  fermentation. 

The  simple  varieties  of  sngar  occnr  in  part  in  natnre  as  snch 
already  formed,  which  is  the  case  witli  both  of  the  very  important 
sngars,  grape-sngar  and  fructose.  They  also  occur  in  great  abund- 
ance in  nature  as  more  complex  carbohydrates  {di-  and  polysaccha- 
rides); also  as  ester  combinations  with  different  substances,  as 
so-called  glucosides. 

Among  the  groups  of  monosaccharides  known  at  the  present 
time,  those  containing  less  than  five  and  more  than  six  carbon 
atoms  in  the  molecule  have  no  great  importance  in  zoo-chemistry, 
idthongh  they  are  of  high  scientific  interest.  Of  the  other  two 
groups  the  hexoses  are  of  the  greatest  importance,  because  in  the 

>  Annal.  d.  Chem.  u.  Pharm.,  Bd.  271. 
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jMiX  only  those  carboli  yd  rates  with  six  carbon  Atoms  were  consiclored 
ae  trne  carbohydrate.  As  this  pentfwes  have  been  the  enbject  of 
«M>-cheniicaI  iaTestigations  of  lute,  they  will  also  be  given  in  short. 


I 


PenloMB  (C,U„0,). 

Am  II  rale  the  pentoses  do  not  occiir  us  suc-h  in  natare,  but  ore 
tonnod  in  the  hydrolrtJu  splitting  of  severul  complex  oirljobyilratee, 
the  go-calied  pentoeaned.  specially  ou  boiling  gums  with  dilnte 
mincml  Hcids.  They  exist  very  wiiiely  distributed  in  tlie  plant 
kingdom,  and  arc  t^puc-ially  of  great  importance  iu  the  building  tip 
of  certaitL  plant  coufitituentti.  They  litire  only  thus  fur  been  fonnd 
in  exw|)tionnl  cawja  iu  aiiirimlri.  Sai.kowski  and  Jastkowiti!* 
have  (uuDtl  n  iwntoKe  in  the  urine  of  Hiom  uddiirttKl  to  the  morphine 
habit.  A  pentose  hai^  beeti  fonnd  by  the  author*  amongst  the 
clcnvnge  proiliict»  of  it  niiolooprateid  fri^ni  the  luiiieroHfi. 

The  pent(»<iea  seem  to  bo  of  imjwrtaiice  a&  food  for  herbivorons 
Atumale.  H.ilkowski  '  and  Ckcmeu  '  have  &bowu  that  tlie  pentoaes 
xyloee.  iirabinoee,  and  rhunnioec  aro  abgorhe<l  by  ratibitu  and  hens, 
and  thut  these  animalR  ntilixe  the  pontosee,  and  even  form  glycogen 
therefrom.  The  peutoAea  seem  to  he  abaorbed  by  hnman  beings, 
bnt  the  views  in  reganl  to  ttieiriiHaimilation  are  woinewhat  di.'iptited.' 

The  pentoses  are  non-fer  men  table,  reducible  abloflos.  (in  heat- 
ing with  Bulphiirio  or  hydrochloric^  acida  thoy  yield  furfurol,  but  no 
Ievnlini«  acid.  Tlio  furfural  paiwing  over  on  diatilling  with  hydro- 
chloric acid  may  not  only  ho  used  in  t)ie  deteotioii  (with  aniline 
acetate  paper  which  itt  colorcil  red  with  ftirfnrol),  bnt  also  in  the 
qnantitatire  o^timation  of  jientoBea  (or  pentosanoa).  On  wnrniing 
witli  hydmchlnric  acid  containiu<f  phlnrogtncin  a  beautiful  red 
solution  i.s  the  rthsnlt,  and  this  Bohitloii  gives  a  sharply>detined 
abaorption  band  on  the  right  of  t)io  aodinm  lino.  The  niMt  im- 
portant pentoses  are  AUAUisoaR  and  syi^hk. 

ArabinoBe  (dcxtro- rotatory  arabinoeo,  pectin  sngar)  in  obtained 
on  boiling  gum  arable  or  cliorry-gam  with  'i^  anlphnric  acid.  It 
crystallizes,  baa  a  sweet  taste,  melts  at  about  160°,  and  is  strongly 

•  C«alr*ll>l.  f.  d.  iDod.  WiaMroMb..  1803,  S.  337  und  603. 

•  Zwibkcbr.  r.  pliysiol.  Cbvio..  Dd.  10. 
>C«iitra1bt.  [,  i]   inrd    WuMcuwlt..  IHU^,  S.  937  and  393. 
*ZeiiMlir  r.  Biolnslv.  IU.  39. 

•  8m  Ebsivin.  Vlrchow's  Arcti..  Bd.  129,  kniJ  Croinor,  Zeilschr.  f,  Blolo^ 
B>l,  ii. 
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dextro-rotatory.  Its  osazon  melta  at  157-158°  C.  The  artificially 
preparod  leerogyrate  as  well  as  the  optically  inactive  arabinose  are 
known. 

Xylose  (wood  sugar).  This  body  is  obtained  with  the  previoas 
stereo- isomeric  pentose  on  boiling  wood  gums  with  dilnte  acids.  It 
crystallizes,  is  feebly  dextrogyrate,  and  gives  an  osazon,  which 
melts  at  about  160°  C. 

.Amongst  tbe  pentoses  we  have  ribae,  obt&ined  on  the  raduction  of  the  lac- 
tone of  ribonic  acid,  which  is  produced  from  arobonlc  acid.  Wiamnoae,  which 
used  to  be  called  isodulcite,  is  a  methyl  pentose.  CiHuOi ,  and  U  obtained  from 
different  glucosides  (quercitin,  xautLorh&mniu,  etc. ). 

Hexoses  (C,II„0,). 

The  most  important  and  best-known  simple  sngars  belong  to 
this  gronp,  and  the  remaining  bodies  considered  as  carbohydrates 
(with  the  exception  of  arabinose  and  inosite)  are  anhydrides  of  thi.'t 
group.  Certain  hexoses,  such  as  dextrose  and  fructose,  occur  in 
nature  already  formed,  while  others  are  produced  by  the  hydrolytic 
splitting  of  other  more  complicated  carbohydrates  or  glncosides. 
Others,  such  as  mannose  or  galactose,  are  formed  by  the  hydrolytic 
cleavage  of  natural  products;  while  some,  on  the  contrary,  such  as 
gulose,  talose,  and  others,  are  obtained  only  by  artificial  means. 

All  hexoses,  as  also  their  anhydrides,  yield  levulinic  acid, 
C^H,0„  besides  formic  acid  and  humus  substances,  on  boiling  with 
dilnte  mineral  acids.  Some  of  the  hexoses  are  fermentable  with 
yeast,  while  the  artificially  prepared  hexoses  do  not,  or  at  least  only 
with  great  difficulty  and  incompletely. 

Some  hexoses  are  aldoses,  wliile  others  are  ketoses.  Belonging 
to  the  first  group  we  have  maxxose.  PiLucose,  oulose,  galactose, 
and  TALOSE,  and  to  the  other  fbl'ctose,  and  possibly  also  soiiBi- 
NOSE.  We  different! iite  also  between  the  d,  1,  and  i  modifica- 
tions, for  instance,  d-,  1-,  and  i-glucose;  hence  the  number  of 
isomers  is  very  great. 

The  most  important  syntheses  of  the  carbohydrates  have  been 
made  by  E.  Fischer  and  his  pupils  chiefly  within  the  members  of 
the  hexose  group.  A  short  summary  of  the  syntheses  of  hexoses  is 
given  below. 

The  first  artificial  preparation  of  glucose  was  made  by  Bdti.rrow.'  On 
treating  trioxymethylen,  a  polymer   of  formal debyde,  with    lime-water    ha 

■  Ann.  d.  Cbem,  n.  Pbann.,  Bd.  180  -  "'-nM.  mnd.,  Tome  53. 
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oblftlDed  «  faintly  tnreAtls^  nvra^  called  mgtiplen&an.  TjOrw'  later  ohtalne*! 
about  Ihffs&tni:  I'iKKliiet  on  tl'tc  i-iindeuMlioD  nt  fomiAldAliyde  in  llie  pT«BAuc« 
gf  l«w»-H.  «n<l  li«  c'iille<l  t)iiH  jinxliict  romiosu.  K,  Kiiti  HKK  *  lisri  aliowu  iLul  ibib 
{nrtoiiK^  sytay  r-iiif'Kix  vt  n  iiiixiurv  of  a  nuofoniH'nuiblv  ^anr, /ormoae,  and 
a  fennnttulilr  xii^r.  <i><i(rr<M^.  I'biB  laift-nMiitioiied  lirixoae  is  Uir.  nUtrUag-pcaat 
fur  further  vyiillrrnnt. 

The  name  (t-OFtv^  Iiuk  Iiclii  Klreii  to  llioae  bAdlf^  l>c-aii)'i(ilii!<TKn><>litainod 
froiin  ftcro'ein  hr<Miii'lc  t>y  ilir  action  of  boaea  (Fimiikr)  Thcr  an>  iIm) 
ablnm««l  a<Iuux<.-(l  witli  ff-ncfitc  on  iLi-  luidiiluiii  of  l'Ii  it-riu  with  brommr  in 
ihepFv<wnctt<'f  Mxliaiticarliintiu',  nnd  ifentinjf  the  loeiiltinifntiiiuronr  (.'Uoerin. 
aiaeh^du.  aud  dh.Eyacvtot.,  <;II,|Oll).i;ll|Ull|.CHO  and  rll,{Oll).i.'UCl'l,(0H| 
with  Mlkalicn       A  <',[>! It l<'ii;tAlii>n  tn^'-H  |i1cii!<'  wiili  (lin  fiinuniimi  of  hc-i>(iM«. 

(i-acrwHe  iimiF  Im  iiii>lnUKl  froui  Uih  ebovx  uiiiturH  and  obliiintxl  piira  by  first 
norcntiia  ii  Into  Iitt  osuxou  atul  ihwi  retraiufuraiiuj;  this  Into  tli«  uugar, 
•t-acroae  la  Idnnttral  with  l-fruciiwe.  With  yenet  nne-haif,  the  l(Rvo^>'rai« 
d-fraeto*e  f«rni«ntH.  wliile  tbe  drxtin^yrate  l-fmcloM  rauains.  Th«  T-  and 
l-fraetoae  may  b«  prepared  iu  ibis  way. 

On  tbo  n.-daclinu  of  it-uciviso  wu  obtain  a  iw^rit,  which  is  identical  with 
i-nannite.  On  nxklalinn  of  i-mannito  tr<-  obtain  i-mannnsc.  from  which  only 
1-uanBoai  n.-iuaiiiB  on  fcmirninlion.  Ou  furlhirr  uiidalbm  of  t-maiiuotiv  il 
yields  i-tnaiini>i)tr  nrirl.  Tin.'  Itvn  nr-Tivn  iiiniinimli^  a^ldn  mnr  !)<•  sopiiratcd  from 
each  Tilhitr  by  the  (rai'lmniil  rryntallixjitiiiii  of  Ihvir  Ntrycbuin  nr  murphiu  taltN. 
Th«  two  Dorreaponditij;  itiKDRoaea  may  be  obtalii«d  from  ihtrse  two  acida,  d-  and 
1  nuuiDoalc  actda,  by  redunWiD. 

d-fneioee  la  nbtainnd  from  d>ma&no<H>  by  tb«  m«thod  jjivcn  on  paee  58, 
asitif  the  oeaxon  a«  an  ii)[ertn«diH(e  8t*-p.  'I'l)<<  d-  and  l-uiHUnntiic  iiriil>>  are 
pail^  eoiiv«n«d  iuiu  d-  and  I  ^ilucoiiic  ncid  on  h>-ntin^  willi  chimdin,  and  d-  or 
l^lneoK)  la  ebtalt>ed  on  tlir  n-dnfiinn  of  ilicMt  addn.  l-ghiraiBi^  ik  txt>i  pn-pun-d 
from  l-arab[n'Mi«  by  m«aii.<>  ol  iIk-  oyimlivilriii.  ivactum,  u»iug  l-glutiinic  acid  as 
the  iLieriuedUitv  ttrp.  Tht  cumbiiiation  of  1-  and  d-glucunic  acid,  forinlng 
t-^iaconic  acid,  yields  i-piiicoi*^  on  ri-il iirtlon 

Tb(t  artificial  prHjwnitliin  of  Kii^rs  by  mcaiiH  ul  caindnuuitiiiii  uf  fonuaU 
dehyde  haa  r«cc|ve<l  xpi-clal  IniurvMt  Uwuum!,  aci^unlloK  t»  BAiEVKii'ti  aKslintla 
liofl  hypolljBHia  of  plants,  forniai dehyde  la  tiret  (onned  by  ibe  reduction  of 
carlioii  di'txidir.  and  tlie  tiiiuan  ure  pruiJu''pd  by  the  nitideii nation  of  thia  loniial' 
dnhyd*'.  Bmkurny  •  han  sbovm.  by  sprrin!  i>xr*ririfiitH  nn  iiIjjip  Sfiirogrra,  that 
foriuaidahyile  Mdlam  aalpbita  waa  Kplii  by  tliv  livtni;  algir  cdU.  The  fuciual- 
dchrde  bsc  fm  h  fmiDfldiauly  condRn.-fctd  to  carLfuiiydtaiu  and  precipitated  aa 
atareb. 


Amon^  thft  hcxoMs  known  at  the  present  time  only  dextroae, 
tnctme,  iind  galactose  are  really  of  physiolofrical  chemical  iiitereet; 
therefore  i!ie  other  hexoses  will  only  be  incidentaUy  moutioned. 

I>«itro»e  (d.-glncose),  cily«)3K,  HRAPB-auoAB,  and  diabetic 
Bl'iJ  vit,  occnrti  Hbiiiidantly  iu  tlie  j^'ntpe-,  jnal  alao,  nftcn  accompwiied 
with  levnloee  (d.-frtictose),  in  lioney,  sweet  fruits,  seeds,  roola,  etc. 
It  occnrs  in  the  intestinal  tract  iltiring  digestion,  also  in  small 
qimiilitietf  iu  the  blood  and  lymph,  and  as  traces  in  other  animal 
flQi<is  aitil  tiMiiee.     It  only  occurs  as  traces  in  urine  under  normal 


■  Joorn.  r.  prakt.  CbMD.,  Bd.  88,  and  Bet.  d.  deutseh.  cbem.  Oesell..  Bdd. 
»,  »1.  33. 

•/*lV^.  fti.  3! 

■BioloV  Ceotmlbl..  Bd.  12.  B.  Sl'l  and  481. 
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conditions,  while  in  diabetes  the  qnantity  is  very  la]*ge.  It  is  formed 
in  the  hydrolytic  cleavage  of  starch,  deztriu,  and  other  compoand 
carbohydrntes,  as  also  in  the  splitting  of  glucosides. 

Properties  of  Dextrose.  Dextrose  crystallizes  BometimeB  with 
1  mol.  water  of  crystallization  in  warty  masses  or  small  leaves  or 
plates,  and  sometimes  when  free  from  water  in  needles.  The  sugar 
containing  water  of  crystallization  melts  even  below  100°  C.  and 
loses  its  water  of  crystallization  at  110°  C.  The  anhydrona  sugar 
melts  at  146°  C,  and  is  converted  into  glncosan,  C,H,,0,,  at 
170"  C.  with  the  elimination  of  water.  On  strongly  heating  it  is 
converted  into  caramel  and  then  decomposed.  ' 

Grape-sugar  is  readily  soluble  in  water.  This  solution,  which 
is  not  as  sweet  as  a  cane-sugar  solution  of  the  same  strength,  is 
dextrogyrate  and  shows  strong  birotation.  The  specific  rotation  is 
somewhat  dependent  upon  concentration  of  the  solution,  but  the 
specific  rotation  of  a  watery  solution  of  1-15<^  anhydrous  dextrose 
at  4-30°  C.  may  be  considered  as  +  52°,6.  Dextrose  dissolves 
sparingly  in  cold,  but  more  freely  in  boiling,  alcohol.  100  parts 
alcohol  of  sp.  gr.  0.837  dissolves  1.95  parts  anhydrous  glucose  at 
-}-  17°.5  C.  and  37.7  parts  at  the  boiling  temperature  (Anthon'). 
Glucose  is  insoluble  in  ether.  If  an  alcoholic  caustic-alkali  solution 
is  added  to  an  alcoholic  solution  of  glucose,  an  amorphous  precipi- 
tate of  insoluble  alkali  compound  is  formed.  On  warming  this 
compound  it  decomposes  easily  with  the  formation  of  a  yellow  or 
brownish  color,  whicli  is  the  basis  of  the  following  reaction. 

Mooke's  Test.  If  a  glucose  solution  is  treated  with  about  \  of 
its  volume  of  caustic  potash  or  soda  and  warmed,  the  solntion 
becomes  first  yellow,  then  orange,  yellowish  brown,  and  lastly  dark 
brown.  It  has  at  the  same  time  a  faint  odor  of  caramel,  and  this 
odor  is  more  pronounced  on  acidification. 

Glucose  forms  many  crystallizable  combinations  with  NaCl,  of 
which  the  easiest  to  obtain  is  (C,H„0,),.NaC]  +  H,0,  which  forms 
large  colorless  six-sided  double  pyramids  or  rhomboids  with  13.40;^ 
NaCl. 

Glucose  in  neutral  or  very  faiintly  acid  (by  an  organic  acid) 
solution  passes  into  alcoholic  fermentation  with  beer-yeast,  C,H„0, 
=:  aC,H,.OH  +  3C0,.  The  most  favorable  temperature  for  this 
fermentation  is  34°  C.   according  to  JonBLACEH.*     Besides  the 

>  Cited  from  Tollens'  H&ndbacli. 

>  Hoppe-B«]rUi'8  Uwidbacb.  6.  Aof..  1898.  S.  68.    ' 
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alcohol  and  carbon  dioxide  there  are  formed,  eeitecialljr  at  higher 
tenipcrutttres,  small  ijnantities  of  honiologoas  alcohols  (aQiyl-uloo- 
bol).  glycerin,  and  succinic  actd.  In  the  jtresence  of  acid  milk  or 
ohocse  the  gTii]>e-sngar  piueeB,  especially  in  the  presence  of  a  baeo 
such  lie  ZnO  or  C'aCO,.  into  laotic-acid  feniteiilation.  The  lactic 
acid  niav  then  further  pass  into  butyric-aciil  fermentation;  2C,U,0, 

(irapo-sugar  reduces  several  metallic  o-tides,  such  as  copper 
oxide,  bignuith  oxide,  mercuric  oxi<k\  in  alkaline  solutions,  and  tbo 
zdobc  important  reactions  for  sugar  are  buiied  on  this  fact. 

Thommkh's  test  is  bused  on  the  pro]ierty  that  glucose  posaesses 
of  rednciug  copper-hydmteil  oxide  in  alkaline  solution  into  eiih- 
oxid«.  Treat  the  glncose  solntion  with  uhont  \~l  rol.  caustic  aoda 
had  then  carefully  add  a  dilute  copjior -sulphate  si»hit,ioii.  The 
copper- hydra teii  oxide  is  thereby  dissolved,  forming  a  beaniifnl  bine 
solntion,  and  the  addition  of  cojiper  sulphate  is  continued  until  a 
very  Mnall  amonnt  of  hydrate  renmins  iindiuflolved  in  the  liquid. 
Tbia  is,  noTT  warmed  and  a  yellow  hydrated  suboxide  or  red  suboxide 
eeparatee  even  below  tlie  IhiI ling-point.  If  too  little  ooppersalt  haa 
been  aildei),  tliu  test  will  he  vtdlowiKli  brown  in  color  ae  in  Moore's 
teat;  but  if  an  excess  of  copper-salt  has  l)een  added,  the  excess  of 
hydrate  is  converted  on  boiling  into  a  dark-brown  liydrnte  which 
iriterferea  with  the  test.  To  prevent  these  difficulties  the  ao-called 
Fehlino's  solntion  may  be  employed.  This  reagent  is  obtained 
faj  mixing  before  use  etjual  vnlumeH  of  an  alkaline  solntion  of 
Rochelle  salts  and  a  copii«r-aul]iliate  solution  (see  Quantitntive 
Eatimniion  of  Sugar  in  the  Urine  in  regard  to  c^oncentriition). 
This  solution  is  not  reduced  or  noticeably  i^hftugeil  by  boiling.  The 
tartrate  hohlrt  the  exoemof  coppcr-liydratc  oxide  in  solution,  and 
an  excess  of  the  ipagent  does  not  interfere  in  the  performance  of 
the  t6tt.     In  the  pr««ence  of  nugar  tliici  solution  is  reduced. 

BoTTOFit-Ai-MKN's/M/  ia baficd  on  the  property  glucose  possesses 
-of  reducing  bismuth  oxide  in  alkaline  solution.  The  reagent  best 
adapted  for  this  pnrpose  is  obtained,  according  to  Nylandkr's* 
modification  of  Almkn's  original  test,  by  disflfilvtng  4  grms. 
ttochelle  imU  in  100  purta  10;(  ciuistic-soda  solution  and  adding 
i  grms.  bismuth  snhnitrate  and  digesting  on  the  water-bath  antil 
as  much  of  tlie  bismnth  salt  is  diseolred  as  possible.     If  a  glucose 


■  Zeitttclir.  f.  phraiol-  CUui.,  Bd.  6. 
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Bolation  is  treated  with  about  ^  vol.,  or  with  a  larger  quantity  of 
the  solution  when  large  qaantities  of  sugar  are  present,  and  boiled 
for  a  few  minutes,  the  solution  becomes  first  yellow,  then  yellowish 
brown,  and  lastly  nearly  black,  and  after  a  time  a  black  deposit  of 
bismnth  (?)  settles. 

On  heating  with  phentlhydrazin  acetate  a  dextrose  solution 
gives  a  precipitate  consisting  of  fine  yellow  crystalline  needles  which 
are  nearly  insoluble  in  water  but  soluble  in  boiling  alcohol,  and 
which  separate  again  on  treating  the  alcoholic  solation  with  water. 
The  crystalline  precipitate  consiBte  of  phenylglucosazone.  This 
compound  melts  when  pure  at  20^205°  C. 

Glucose  is  not  precipitated  by  a  lead-acetate  solntion,  but  is 
almost  completely  precipitated  by  an  ammoniacal  basic  lead -acetate 
solution.  On  warming  the  precipitate  becomes  flesh-color  or  rose- 
red  (Rubner's  reaction'). 

If  a  watery  solution  of  grape-sugar  is  treated  with  benzoyl- 
ciiLORiDE  and  an  excess  of  caastic  soda,  and  shaken  until  the  odor 
of  benzoylchloride  has  disappeared,  a  precipitate  of  benzoic-acid 
ester  of  glucose  will  be  produced  which  is  insoluble  in  water  or 
alkali  (Baumann'). 

If  ^1  c.c.  of  a  dilate  watery  solution  of  glucose  is  treated  with 

a  few  drops  of  a  15^  alcoholic  solution  of  a-naphtkol,  the  liquid  la 

colored  a  beautiful  violet  on  the  addition  of  1-2  c.c.  concentrated 

sulphuric  acid  (MoLldCU  *).     This  reaction  depends  on  the  formu' 

tion  of  furfurol  from  the  sugar  by  the  action  of  the  sulphuric  acid. 

DiAZOBRNZoi.'RUi. PHONIC  ACID  given  witb  a  dextrose  solution  made  alkaline 
with  a  fixed  alkali  a  red  '-olor,  after  10-15  minutes  gradually  changing  to  violet. 
OliTHONiTKOPHENYL.PKOPioi.ir  ACio  yields  indigo  when  boiled  with  a  mnall 
quantity  uf  sugar  and  sodium  carbonate,  and  this  is  converted  into  indigo-white 
liy  an  i^xcess  of  sug  ir.  An  alkaline  solution  of  trrape-augar  is  colored  deep  red 
on  being  wanned  with  a  dilute  solution  of  Picilic  acid. 

A  more  complete  description  as  to  the  |ierformance  of  these 
several  tests  will  be  given  in  detail  in  a  subsequent  chapter  (on  the 
urine). 

Dextrose  is  prepared  pure  by  the  following  simple  method  of 
SoxiiLET  and  ToLLEKS,  being  a  modification  of  Sciiwaz's* 
method : 

<  ZeitBchr.  f.  Biologie,  Bd.  SO. 

*  Ber.  d.  deutsch.  chem.  Qesellsch..  Bd.  19 ;  also  Kueny,  Zeitscbr.  f.  pbysiol. 
Cbem..  Bd.  14. 

»  Mooatshefte  f.  Chem.,  Bd.  7.  and  Centralbl.  f.  d.  med.  Wiseensch.,  1887, 
B.  U  and  49. 

*  Tulleos'  HandbucL  der  Eohlehydrate,  S.  89. 
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Treat  12  litres  alcohol  with  ISO  c.c.  fuming  liydrcn-tilorimicit! 
and  warm  to  45-50°  C. ;  gradually  atM  I  kilos  powdered  cime-sngar, 
aoil  allow  to  cool  after  heating  for  3  hours,  vrhon  all  thp  iwgAT  will 
have  lUasolved  and  been  iiiTerted.  To  incite  crystallization,  some 
crystals  of  anhydrous  dextrose  are  added,  and  after  several  days  the 
crystals  are  aaoked  dry  by  tlio  air-pump,  washed  with  dilute  ulcnhol 
to  remoTe  liydroclilorir;  acid  and  crystallized  from  alcflliol  or  iiu'tlivl 
alcohol.  Acconliisg  to  ToULKNfi  it  is  best  to  dissolve  the  sugar  In 
one  liutf  its  vri^ht  of  water  on  the  water-bath  and  tliim  add  double 
this  volnme  of  yt.t-05^  alcohol. 

In  detucting  duxtrose  in  auinml  Ouids  or  extracts  of  tittauwi  we 
may  make  use  of  the  abore-uientianed  red  notion -tests,  the  optical 
datenninatioii,  the  fomiontation,  and  phonylhydraxlii  tests.  For 
the  qnaDtitatiTe  estimation  the  reader  ia  referred  to  the  chapter  on 
arine.  Those  liquids  containing  proteids  must  tiret  have  these 
romored  by  coagulation  with  heat  and  addition  of  acetic  acid,  or  by 
precipitation  with  alcohol  or  metallic  salts,  before  testing  for 
dextrose.  In  reganl  to  the  ditlU'ulties  of  oiieruting  with  blood  and 
serous  fluids  we  refer  tho  student  to  the  works  of  Schhnk,' 
KiitMANS,'  Abrlks,*  and  Sekgrs.' 

Tli«  gttloMS  ar«  st«r«o.iflonien  of  deslnMe  and  maj  be  preimvd  artlflctall}-. 
d-ffUlos«  iB(fl)t«ioed  no  \\w>  iwluctinn  (if  il'i;ulntiir:  nrid,  which  is  d«rii-'e(l  on  ttie 
ndaciioD  uf  glycurutiic  ui-'id  ;Hf>c  chttpu-r  un  uri])(>). 

]EaDB(WM.--(i-m<inn(i«c.  ultn  i-jilled  trminotf.  it  ob1ain«d  with  drrunUHK'.  nn 
the  carwful  oxi<Utioii  of  d-nmoniu*.  Il  i*  aliKt  obUin«d  ttn  lb*  liy-lroljrstsof 
Mtutral  varbolivdratf^.  sacli  us  oaJep  alimc,  aDd  reaorrc  cellulode  loHpuciiiUy 
from  Uiotih«vitig4  from  \\\o  ivory-nut),  il  is  (Icxtrorotatory,  readilT  ferniMit* 
wllli  bn«r-vt«Ki,  Lci^'n*  n  liyitnumti  not  mndily  lailulda  in  wator,  and  au  naaxon 
whicb  Is  loeDtleal  wUb  Uiat  fruiu  d-fcluuoBti. 

d'frnctose,  ahto  imllcd  lkvki^>si:,  FRttT-i^rnAR,  oocnra,  as 
above  stated,  niixod  with  dcitroao  extensively  dlstrlbnted  in  the 
plant  kingdom  and  also  in  honey.  It  is  formed  in  the  hydrolytic 
cleavage  of  cane-sugar  and  other  carbohydrates,  bat  it  ia  readily 
obtained  by  the  hydrolytic  aplitting  of  inuliri.  In  extraordinary 
CBMS  of  diabotGd  mcllitus  we  And  f  mctoeo  in  the  nritie.  This  sagar 
hae  won  a])ccial  dietetic  importance  in  diabetce  on  account  of  its 
beiu^  readily  assimilated. 

Frtictose  crystallizes  with  difficulty  in  needles  partly  anhydrous 
and  partly  containing  water.  It  is  readily  soluhle  in  wnter,  but 
nearly  insoluble  in  cold  absolnte  alcohol,  though  rather  readily  in 
boiling  alcohol.      Its  watery  solntion  is  Isevogyrate,  but  the  state- 

'  PflOgefa  Arelilv,  BtJd.  40  aud  47. 

«  rentralbl.  f  Phypiol.,  Bd.  4. 
»Zett»clir,  r  pliTsir.1   Chein..  Bd.  15. 
•tIeiiEralld'f  PbyaioL,  Bdd.  4  aod  8. 
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nieiits  in  regard  to  the  specific  rotatioti  are  quite  variable.  Fructose 
ferments  witli  yeast,  and  gives  the  same  reduction  teats  as  dextrose 
and  also  the  same  osazone.  It  gives  a  combination  with  calciani 
which  is  less  soluble  than  the  corresponding  dextrose  combination. 
Fractose,  as  above  stated,  is  best  obtained  by  tlie  hydrolytic 
splitting  of  inulin,  by  warming  with  faintly  acidulated  water. 

SorbinMe  (sorbin)  is  obtained  from  the  mice  of  the  berry  of  the  mountain 
aah  under  certain  conditions.  It  is  crystalline  and  is  Isevogyrate,  and  i»  con- 
Terted  into  sorbit  by  reduction  .  hence  it  seems  to  be  a  ketose  which  is  stere<>- 
isomeric  with  fructose. 

Galactose  (not  to  be  mistaken  for  lactose  or  milk-sngar)  is 
obtained  on  the  hydrolytic  cleavage  of  milk-sngar  and  by  hydrolysis 
of  other  carbohydrates,  especially  varieties  of  gums  and  slime 
bodies.  It  is  also  obtained  on  heating  cerebrin,  a  nitrogenized 
glucoside  prepared  from  the  brain,  with  dilute  mineral  acids. 

It  crystallizes  in  needles  or  leaves,  which  melt  at  1G8°  C\  It  is 
somewhat  less  soluble  than  dextrose  in  water.  It  is  dextrogyrate, 
and  shows  muUirotation.  It  feimeuts  with  yeast  (although  not  as 
rapidly  as  dextrose) ;  stitl  the  statements  on  this  subject  are  contra- 
dictory. Galactose  reduces  Feiiling's  solation  to  a  less  extent 
than  dextrose,  and  10  c.c.  of  this  solution  are  rednced,  according  to 
SoxHLET,  by  0.0511  gm.  galactose  in  \<i  solution.  Its  phenylosazon 
melts  at  103°  C.  On  oxidation  it  first  yields  galactonic  acid  and 
then  mucic  acid.  Both  1-  and  i-galactose  have  been  artificially 
prepared. 

lalne  is  a  su^^ar  which  is  artificially  prepared  by  the  reducrion  of  talonic 
acid.  Talonic  acid  is  obtained  from  d-galactonic  acid  by  heating  it  with  cUino- 
lin  or  pytidin  to  140-150°  C. 

DisaccbaridcM. 

Some  of  the  varieties  of  sugar  belonging  to  this  groiip  occur 
ready  formed  in  nature  Thus  we  have  cane-sugar  and  milk-stigar. 
Some,  on  the  contrary,  such  as  maltose  and  isomaIto.se,  are  produced 
by  the  partial  hydrolytic  cleavage  of  complicated  carbohydrates, 
iBOmaltose  is  besides  this  also  obtained  from  glucose  by  reversion 
(see  below). 

The  disaccharides  or  liexobioses  are  to  be  considered  as  anhy- 
drides, derived  from  two  monosaccharides  with  the  exit  of  1  mol. 
water.  Corresponding  to  this,  their  general  formula  is  C„H„0„. 
On  hydrolytic  cleavage,  on  the  addition  of  water,  they  yield  two 
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iiiolecuIeK  of  hexoseis  and  indeed  ettlier  two  moleculen  or  the  sonic 
liexose  or  two  different  bexoses.    Thus: 

Cane-siigar  4-  H,0  =  glucosi'  -]-  fructose: 

Maltoae       -f-  11,0  =  gluuose  -(-  glncoM; 

ftnik-sugar  +  ^K^  —  glucose  -f-  galactose. 

The  fniotofle  turns  the  poIarize<1  my  more  to  the  left  tlian  Uie 
glucose  does  to  the  right;  hcucc  the  mixture  of  hexosos  obtojnod  on 
the  cleavage  of  CAne>sugar  hari  an  opposite  rotiitioti  to  the  cnnc-^ugar 
itself.  Od  tht-s  account  t}ie  tiiixtnre  is  called  isveiit  sitiAii.  and 
the  b3rdrol)*tic  splitting  is  designated  as  inwrttou.  This  term 
iuremiou  U  not  only  u&ed  for  the  splitting  of  cane-aug»r,  but  is 
also  used  for  the  hydrolytic  clearage  of  compoond  sngars  into 
nioaoeacchartdes.  The  rererae  reaction,  whereby  mouoftaccharides 
are  condensed  into  complicated  rarbobrrlrat^s,  is  called  retvrsion. 

We  subdivide  the  disaccharidefl  into  two  groups.  One.  to  wliieli 
cauo-sngar  belongs,  wliere  the  members  have  not  the  property  of 
reducing  certain  metallic  oxides  and  of  reacting  with  plienylhy- 
drazin.  The  other  group,  on  the  contrary-,  to  which  the  two 
ualtoees  and  millc-sugar  belong,  the  membere  act  like  mouoaac- 
cltarideB  in  regard  to  the  rednctiou  tests,  aud  yield  osazoiitis  with 
phenylhydriiziu.  The  members  of  this  last  group  litivo  the  char- 
acter of  aldehydu-aloohoU;  hence  tbey  are  given  the  following 
formala: 


/0-CH, 

cn.(OU).[cu{on)],.cu<        i 

M)— CIl. 


[cii(on)],C!fo. 


Cane-sugar  or  Sacchakoss  occurs  extensively  distributed  in 
the  plant  kingdom.  It  oi-ciirs  to  greatest  extent  in  the  stalk  nf  the 
8ugar>miUet  and  sugur-cHne,  the  roots  of  the  sugar-beet,  the  triLiik 
of  certain  varieties  of  ptilms  and  maples,  in  carrots,  etc.  Cane-sugar 
i&  of  extraordinarilv  great  importance  as  a  food  and  condiment. 

CMie*ragBr  forms  lai^e,  colorless  monocliaic  crystals.  On  hoat- 
ing  it  melts  in  the  neighborhood  of  10U°  C,  and  on  lic&tiug  stronger 
it  tOTDS brown,  forming  so-c^tlcil  ciiraniel.  II.  iliHsolres  very  reatlily 
in  water,  and  aco^irding  to  SrnErnLKK'  100  parts  saturate.!  sugar 
eolation  contains  67  parts  sugar  at  30°  C.     It  dissolves  with  (lifli- 

■  See  ToUens'  HuodtfucU  dec  KubULrdruu,  8.  131. 


74  THE  CAltBOIITDRATES. 

culty  in  strong  alcohol.  Cane-sugar  is  strongly  deitrorotatory. 
The  specific  rotation  is  only  slightly  modified  by  concentration,  but 
is  markedly  changed  by  the  presence  of  other  inactive  snbstances. 
The  specific  rotation  is  {a)D  =  +  6C°.5. 

Cane-sugar  acts  indifferently  towards  Moohe's  test  and  to  the 
ordinary  reduction  teste,  and  it  does  not  react  with  phenylhydrazin. 
It  does  not  ferment  directly,  bnt  ferments  after  inversion,  which 
can  be  brought  about  by  an  enzym,  invertin,  contained  in  the 
yeast.  An  inversion  of  cane-sugar  also  takes  place  in  the  intestinal 
canal.  Concentrated  sulphuric  acid  blackens  cane-sngar  very 
quickly  even  at  the  ordinary  temperature,  and  anhydrous  oxalic 
acid  acta  the  same  on  warming  on  the  water-bath.  Yarioos 
products  are  obtained  on  the  oxidation  of  cane-sugar,  dependent 
upon  the  variety  of  oxidizing  material  and  also  upon  the  intensity 
of  the  action.  Saccharic  acid  and  oxalic  acid  are  the  most  im- 
portant products. 

The  reader  is  referred  to  complete  text-books  on  chemistry  for 
the  preparation  and  quantitative  estimation  of  cane-sugar. 

Maltose  (MALT-sufJAR)  is  formed  in  the  hydrolytic  cleavage  of 
starch  by  malt  diastase,  saliva,  and  pancreatic  juice.  It  is  obtained 
from  glycogen  under  the  same  conditions  (see  Chapter  VIII). 
Maltose  is  also  produced  transitorily  in  the  action  of  sulphuric  acid 
on  starch.  Maltose  forms  the  fermentable  sugar  of  the  potato  or 
grain  mash,  and  also  of  the  beerwort. 

Maltose  crystallizes  with  1  mol.  water  of  crystallization  in  fine 
white  needles.  It  is  readily  soluble  in  water,  rather  easily  in 
alcohol,  bnt  insoluble  in  ether.  Its  solutions  are  dextrorotatory, 
and  show  birotation.  The  specific  rotation  is  ifr)D  =  +  137°. 
Maltose  fements  readily  and  completely  with  yeast,  and  acts  like 
dextrose  in  regard  to  tlie  redaction  tests.  It  yields  phenylmaltosa- 
zone  on  warming  with  phenylhydrazin  for  14  hours.  This  phenyl- 
maltoaazone  melts  at  20G°  C.  Maltose  differs  from  dextrose  chiefly 
in  the  following:  It  does  not  dissolve  as  readdy  in  alcohol,  has  a 
stronger  dextrorotatory  power,  has  a  feebler  reducing  action  on 
Fehmno's  solution.  10  c.c.  Fehlinr's  solution  is.  according  to 
SoxuLET,'  reduced  by  77.8  milligrams  anhydrous  maltose  in 
approximately  1%  solution. 

IiomaltOM.     This  variety  of  sugar  is  produced,  as  has  been 

>  Cit.  from  Tollens'  Handbuch,  S   152. 


Bhovn  by  Fischer,'  beeides  dextrin-like  prodaotB»  by  tho  notion  of 
faming  hydrochloric  acid  on  glucose.  It  ia  also  formed,  beaides 
ordinary  maltose,  in  tlie  Hotiou  of  diuHtase  on  skaruii  pasiv.  It  is 
also  produced,  wilb  maltose,  by  the  action  of  aalira  or  pbucrcatlc 
jniee  (Ki'LZ  and  VonKt. ')  or  blood-sernm  (RriEiUANM ')  on  atarcb. 
It  also  occani  in  beer  and  in  technical  Btarcb-stigar. 

laomaltose  didaolree  very  readily  in  wat«r,  baa  a  pronoimoed 
sweetish  taste,  ferments  but  slowly.  It  is  dextrorotatory,  and 
lias  very  nearly  t)ie  mtnie  power  of  rotation  as  rnultose.  [somaltoae 
is  characterized  by  its  odazoiie.  Tliid  [ortnei  line  yellow  needles, 
whicb  begin  to  form  drops  at  140°  C.  and  ni«It  at  150-Ifi:l'  C. 
It  is  rather  easily  whihle  in  hot  witter. 

Milk-ingar  (lactosb),  .\8  this  suf^ar  ooctirs  exclnsively  in  the 
animal  world,  in  the  milk  of  htimnn  bciiigs  and  atilinalii,  it  will  be 
tieatud  of  in  a  following  chapter  (on  milk). 

TraliAlon  it  ft  bexi)lil(iM>  found  In  fnnsi,  BbleUoae  i»  a  Macrltkronn  alriftinMl 
witli  il-frueUM*  lu  tile  partial  bvilmljlk  clfnva^ft-  of  nfflsMS  (a.  iit^suiriu»ej 
occurring  In  beetroot  molaaoea.     MclclMoee  HplJUi  into  galactufic  sod  gluoaete. 


J*olysacvliari<le», 

If  ve  exclude  tlio  hexotriotkis  and  tho  few  remaining  eiigar-like 
polysaccharidee,  this  group  inclndoa  a  grout  nimibor  of  very  complex 
carbohydrates,  which  occar  only  iu  the  itmorphoiis  condition  or  not 
aa  CTyst&Id  in  the  ordinary  eonso.  Contrary  to  the  bodiL-i:  bolnnging 
to  the  olhnr  groups,  tho^o  have  no  sweet  taste.  Somo  are  Boluble  m 
water,  while  others  swell  up  therein,  ospecially  in  warm  wntor,  and 
finally  are  neither  disgoKed  nor  visibly  changed.  Polysaccharides 
are  nitiraately  converted  into  monofliiocharidoB  by  bydrolytic 
cleavage. 

The  polysaccliaridoa  (not  sogar-like)  arc  ordinarily  diridod  into 
the  following  chief  groups-  starch  group,  gum  and  vegeiabh-muri- 
lagit  group,  and  ctUulaxe  group. 

Storoh  Group  (C.li,.OJx. 
Starch.  AMri.t'ii      {C,U.  0,))£.     Tins  aiibstanoo  occnrs  in  the 


plant  kingdom  very  extenairety  distribtiuul  in  the  different  parts  of 

•  Bnr.  d.  dintMili   cb«m.  UeMllscb.,  13d.  33.  S  9&IJ7. 

■Z«ucbf.  t    BioloKie.  B<).  31. 

■Ceotnlbl   I  d.  umI.  Wi«w)o>!cb.,  1803.  S  849. 
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the  plant,  especially  aa  reserve  food  in  the  Beeds,  roots,  tubers,  and 
trunk. 

Starch  is  a  white,  odorless,  and  tasteless  powder,  consisting  of 
small  grains,  whicli  have  a  stratified  structure  and  different  shape 
and  size  in  different  plants.  According  to  the  ordinary  opinion 
the  starch-grains  consist  of  two  different  substances,  stabch 
GBANULosE  and  STARCH  CELLULOSE,  of  whlch  the  first,  only  goes 
into  solution  on  treatment  with  diastatic  enzymes. 

Starch  LB  considered  insoluble  in  cold  water.  The  grains  swell 
up  in  warm  water  and  burst,  yielding  a  paste.  Starch  is  insoluble 
in  alcohol  and  ether.  On  lieating  starch  with  water  alone,  or 
heating  with  glycerin  to  190°  C,  or  on  treating  the  starch-grains 
with  6  parts  dilute  hydrochloric  acid  of  sp.  gr.  1.06  at  ordinary 
temperature  for  6  to  8  weeks,'  it  is  converted  into  soluble  starch 
(auv'LOUextrin,  amidulin).  Soluble  starch  is  also  formed  as  an 
intermediate  step  in  the  conversion  of  starch  into  dextrose  by  dilute 
aciik  or  diastatic  enzymes.  Starch -grannies  swell  up  and  form  a 
pasty  m^s  in  caustic  potash  or  soda.  This  mass  gives  neither 
Moore's  nor  Trommer's  test.  Starch-paste  does  not  ferment  with 
yeast.  The  most  characteristic  test  for  starch  is  the  blue  coloration 
produced  by  iodine  in  tiie  presence  of  hydroiodic  acid  or  alkali 
iodides.'  This  blue  coloration  disappears  od  the  addition  of  alcohol 
or  alkalies,  and  also  on  warming,  but  reappears  again  on  cooling. 

On  boiling  with  dilute  acids  starch  is  converted  into  glucose. 
In  the  conversion  by  means  of  diastatic  enzymes  we  have  as  a  rale, 
besides  dextrin,  maltose,  and  isomaltose,  only  very  little  glucose. 
We  are  considerably  in  the  dark  as  to  the  kind  and  number  of 
intermediate  products  produced  in  this  process  (see  dextrin). 

Starch  may  be  detected  by  means  of  the  microscope  and  by  the 
iodine  reaction.  Starch  is  quantitatively  estimated,  according  to 
Sachsse's  method,'  by  converting  it  into  sugar  by  hydrochloric 
acid  and  then  determining  the  sugar  by  the  ordinary  methods. 

Inulin,  (C,H„0,)x  +  H,0,  occurs  in  the  underground  parts  of 
many  composite,  especially  in  the  roots  of  the  inula  beleniom,  the 
tabers  of  the  dahlia,  the  varieties  of  helianthns,  etc.  It  is  ordi- 
narily obtained  from  the  tubers  of  the  dahlia. 

>  See  Tollens'  Handbuch,  S.  187. 

*  Hflius,  Ber.  d.  deutscb.  chem.  Gesellsch.,  Bd.  30,  S.  68S,  and  Zeitwhr.  f. 
phjrslol.  Chem.,  Bd.  11. 

■  ToUena'  Handbach,  S.  184. 
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luulin  forma  a  white  powder,  sitnilnr  u>  Btarclu  consisting  of 
Bphteroid  crystals,  which  are  reiictily  soluble  in  want]  wnter  without 
forming  il  paste.  It  He[turate«  slowly  on  cooling,  but  more  mpitlly 
on  freeiing.  Its  solutions  ar&  la'rogyrate  and  are  precipiUted  by 
alcohol,  anil  are  only  colored  yellow  with  iodine.  Intilin  is  oou- 
Tcrted  into  the  la^rogyrute  monosaccharide  frnctose,  on  boiling  with 
dilate  sulphuric  octd.  Diaatotiu  enzymen  have  no  or  very  slight 
action  on  innlin.' 

Liehtaia  (HO»ft-8TAiirii)  ocrure  in  rnvny  liclionn,  oftmoljr,  in  [cclaml  iiums. 
It  IK  nut  Kolulitu  ill  Olid  wiLtttr,  liut  iitrcllH  up  into  a  jnllj.  It  iHRolutilr:  in  liot 
wKt«r.  foniiln^  a  Jelly  un  ftllDwiiifi  ilit  coticuntrttUsl  Holulivn  ru  oul.  It  Is 
eojnred  yellow  by  iodine,  and  jtcldfl  gliicivw  nn  l)oitln|;  with  dilute  uslds. 
Lilcbenlo  ia  tkol  cliniigcd  li;  iiiu.»lalic  t^uxjuies  hucIi  m  i^tjrulit;  ur  amjlotikin 

Glycogen.  This  carbohydrate,  which  stands  to  a  certain  extonc 
between  starch  and  dextrin,  is  principally  fonnd  in  the  animal 
kingdom,  hence  it  will  be  treated  in  a  subsequent  chapter  (on  the 
liver). 

The  Gnm*  and  Vegetable  Hndlages  (0,11, .OJx. 

Those  bodies  may  bo  divided  into  two  chief  groups,  according  to 
their  origin  and  occurrcnco,  namely,  the  dextrin  group  and  the 
ttgetabU  guma  or  mticilages.  The  dcxtrinca  stand  in  close  relation- 
ship to  tho  starches  and  arc  formed  therefrom  na  intermediate 
products  in  the  action  of  uoids  and  dioatutic  enzymes.  The  rari- 
otu  kinds  of  vegetable  gnms  iind  vegetable  mncilages  occur,  on  the 
contrary,  as  natnral  prodncts  in  the  plant  kingdom,  and  some  may 
be  separated  from  certain  plants  as  amorphous,  transparent  maasoa 
and  others  may  be  extracted  from  certain  parts  of  the  plant,  such 
as  tho  wood  and,  seeds,  by  proper  solvents. 

The  deitrines  yield  as  final  pro-lncts  only  hexoses,  and  indeed 
only  dextrose  on   complete  hydrolysis.     The  vegetable  gnms  and 

mucilages  yield,  on  the  contrary,  not  only  liexoses,  but  also  an 
ludaJice  of  pentosos  (gam  nrabic  and  wooil-gnm).  d-galactose 
QCcars  often  amongst  the  hexoses,  and  tiA  differentiation  from  the 
dextriaes  they  yield  mncic  acid  on  oxidation  with  nitric  acid.  The 
dextrinw,  as  well  as  the  ordinary  varieties  of  gnms  and  mncilages, 
are  precipitated  by  alcohol.  Umic  lead  acetate  precipitates  the 
gams  aud  mucilages,  bnt  aot  the  dextrine. 

•  ToUens'  Handbacti,  S.  203. 
■  Ups&lA  LakKKr  forb..  Bd.  28. 
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Dextrin  (British  gnm)  is  produced  on  heating  starch  to  300- 
910"  C,  or  by  heating  starch,  which  has  previously  been  moistened 
with  water  containing  a  little  nitric  acid,  to  100-110'*  C.  Dei- 
trioB  are  also  produced  by  the  action  of  dilute  acids  and  diastatic 
enzymes  on  starch.  We  are  not  quite  clear  in  regard  to  the  steps 
taking  place  in  the  above  procesBes,  but  the  ordinary  views  are  as 
follows;  Soluble  starch  is  the  first  product,  from  which  a  deitrin, 
erythrodextrtny  which  is  colored  red  by  iodine,  and  sugar  are 
formed  by  hydrolytic  splitting.  On  further  splitting  of  this 
erythrodeitrin  more  sugar  and  a  dextrin,  achroodextrxn,  which  is 
not  colored  by  iodine,  is  formed.  From  this  achroodextrin  after 
Buccesaive  splittings  we  have  sugar  and  dextrins  of  lower  molecular 
weights  formed,  until  finally  we  have  sugar  and  a  dextrin,  tnalto- 
dextrin,  which  refuses  to  split  further,  as  final  prodncte.  The 
views  are  rather  contradictory  in  regard  to  the  number  of  dextrins 
which  occnr  as  intermediate  steps.  The  sugar  formed  is  isomaltose, 
from  which  maltose  and  very  little  dextrose  are  produced.  Another 
view  is  that  first  several  dextrins  are  formed  consecutively  in  the 
successive  splitting  with  hydration,  and  then  finally  the  sugar  is 
formed  by  the  splitting  of  the  last  dextrin.' 

The  various  dextrins  have  not  aa  yet  been  separated  from  each 
other,  nor  isolated  as  chemical  individaals;  hence  the  characteristic 
properties  and  reactions  can  only  be  given  for  the  dextrins  in 
general. 

The  dextrins  appear  as  an  amorphous,  white  or  yellowish -white 
powder  which  is  readily  soluble  in  water.  Their  concentrated 
solutions  are  viscid  and  sticky,  similar  to  gum  solutions.  The 
dextrins  are  dextrogyrate,  the  specific  rotation  of  maltodestrin 
being  (a)D  =  +  174°. 5.  They  are  insoluble  or  nearly  so  in 
alcohol,  and  insoluble  in  ether.  Watery  solutions  of  dextrins  are 
not  precipitated  by  basic  lead  acetate.  Dextrins  dissolve  copper 
oxyhydrate  in  alkaline  liquids,  forming  a  beautiful  blue  solution. 
The  question  whether  or  not  perfectly  pure  dextrin  reduces 
Fehling's  solution  is  undecided.  According  to  Brucke' a  non- 
reducible dextrin  may  be  obtained  by  warming  a  solution  of  achroo- 
dextrin   with   an   excess   of    alkaline  copper  solution    and    then 

'  Id  regard  to  the  new  theories  see  Lintner  and  Dull,  Ber.  d.  deutach,  ohwo. 
OesellBcti  ,  Bd.  36,  B.  2S8S,  and  Scbeiblerand  Mittelmeler,  ibid.,  Bd.  2S,  S.  8060, 
and  Bd  36.  8.  3980. 

•  Vorlesongen  Qber  Pbysiologie.     Wien,  1874.     S.  231. 
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precipitating  with  alcohol.  Ai-corditig  Ut  SciiEiiti.EH  aud  MitteL' 
MEIER'  the  dextrin  obUitied  by  the  otHioii  of  ucJd  'n  a  poIyeaccUarido 
of  ail  oldehydic  luiture,  honco  it  acts  m  a  reducing  agent.  The 
dextritts  ue  not  diraetly  formentahle.  The  liehavior  of  the  varions 
dextrinn  to  iodine  haw  been  given  above,  bnt  it  nmst  be  remarked 
that,  aceordinjj  to  Slrsrir-rs  and  Mevkr,'  erythrodextrin  is  only 
a  mixtnre  of  achroodestrin  with  a  little  anluble  fltjirch. 

The  vegetable  gums  aro  solnble  in  vater,  forming  aolmions  which 
are  vidcid  but  tii:iy  bit  lilt^^red.  Wo  di<6ignate,  on  the  contrary,  as 
T«getable  mucilages  those  Tarieties  of  gnm  wbicrh  do  not  or  only 
|urtly  liiffiolve  in  water,  and  whicti  swoll  np  therein  to  »  greater  or 
lean  extent.  The  unttiml  varieticB  of  gnm  and  mnciluge  to  which 
MVeral  generally  known  and  important  salistances,  snch  as  gnm 
Arabic,  wood-gnm,  ehcrry-p-Hm,  salep  and  qiiinne  mncilage,  and 
probably  altu>  the  Httle'^ilndicd  peotin  sahfitaneott,  belong  will  not  be 
treated  of  in  detail,  becaaec  of  their  unimportance  from  a  zoo- 
physiological  Htandpoint. 


The  CeUttlwe  Group  (C,n,.0,)i. 

CelloliMe  is  that  carbohydrate,  or  perhap-s  more  correctly  mix- 
tnre of  carbohydrates,  which  forms  the  chief  conntitaent  of  the  walls 
of  the  ])lant-celtH.  Thi«  U  tnio  for  at  Icai^t  the  vraiU  of  the  yoith^' 
cells  while  ill  the  walla  of  the  older  cells  the  collulofte  id  extensively 
incmsted  with  a  8nl)«tAnce  called  likniv. 

The  true  eolluloae*  are  characterizoJ  by  their  great  insolnhility. 
They  are  inaolublc  in  cold  or  hot  water,  alcohol,  ctlior,  ddute  acids, 
and  alkalies.  We  hare  cmly  one  specific  aolront  for  cctluloae,  and 
that  t(tan  ammoniacalsolotionof  copper  oxide  called  SciiwKrrzKR's 
TL'sgent.  The  cellnloee  may  bo  precipitated  from  this  sokent  by 
the  addition  of  acids,  and  obtained  as  on  aniorphons  powder  after 
wufbiiig  with  water. 

C'elhilose  u  convortotl  into  a  8nh8tanc«,  so-called  amyloid, 
which  gives  a  blue  coloration  with  iodine  by  the  nction  of  conceu- 
tmted  snlphiiric  acid.  By  the  ar^tion  of  strong  nitric  acid  or  a 
mixture  of  nitric  acid  and  concentrated  snlphnric-acid  ccllnloaes  is 
concerted  into  nitric-acid  eaters  or  nitro-cellnlose,  which  are  highly 
oxplosire  and  have  found  great  practical  use. 

<  Ber.  d.  deaweh.  dram.  Q<w«ll«c1>..  B<l    23,  S.  3000,  utd  Btl.  36.  8.  2930. 
•  ZeiUdir.  t  plijsiol.  Chem.,  Bd.  4.  S.  451. 
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The  ordinary  celluloses  wlien  treated  at  the  ordinary  tempera- 
ture with  strong  sulphuric  acid  and  then  boiled  for  some  time  after 
diluting  with  water  is  converted  into  dextrose.  Other  varietiea 
of  celloloae  have  a  different  behavior,  namely,  we  have  a  cellnl(we 
which  yields  mannoae  on  the  preceding  treatment.  This  substance, 
called  mannoso-celhiloae  by  E.  Schulze,'  occurs  in  the  coffee-bean, 
as  well  as  in  the  cocoannt  and  sesame  cake,  and  is  not  to  be  con- 
sidered as  belonging  to  the  hemicellulose  group. 

Hemicellaloses  are,  according  to  E.  Schulze,  those  constituents 
of  the  cell-wall  related  to  cellulose  which  differ  from  the  ordinary 
cellulose  by  dissolving  on  heating  with  strongly  diluted  mineral 
acids,  such  as  1.25;^  sulphuric  acid,  with  a  splitting  into  monosac- 
charides. The  sugars  produced  hereby  are  of  different  kinds.  The 
hemiceUulose  from  the  yellow  lupin  yields  galactose  and  arabinoae, 
from  the  rye  and  wheat  bran  arabinose  and  xylose,  and  from  the 
ivory-nut — called  reserve  cellulose  by  Reiss  ' — mannoae. 

The  cellulose,  at  least  in  part,  undergoes  decomposition  in  the 
intestinal  tract  of  man  and  animals,  A  closer  discussion  of  the 
nutritive  value  of  cellulose  will  be  given  in  a  future  chapter  (on 
digestion).  The  great  importance  of  the  carbohydrates  in  the 
animal  economy  and  to  animal  metabolism  will  also  be  given  in 
following  chapters. 

■Zeitschr.  f.  phyalol.  Chem.,  Bd.  16. 
*Ber.  d.  deatscb.  cbem.  Qesellsch.,  Bd.  23. 
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THB  ANIMAL   PAT9. 

TfiR  fats  form  the  third  chief  groupof  tho  orgaiiic  footta  of  man 
•nd  animals.  Tho;  occur  very  wiiloly  (listributed  in  the  tmimaL 
mid  plant  kingdoms.  Pat  oocars  in  all  organs  and  tlasncs  of  the 
animal  organism,  though  tho  quautitjr  may  bo  so  rariaUe  tliat  a 
tabular  exhibit  of  the  amoaut  of  fut  in  different  organs  is  of  IJttla 
interest.  Tho  marrow  contains  the  lurgost  quantity,  having  orer 
liiil)  p.  m.  Tilt  three  inost  important  depoeits  of  fat  in  the  auinial 
organism  are  the  iutcrmuacnlur  connective  titwue,-  tho  fatty  tissns 
in -the  abdominal  ciivity,  and  the  siihcntaneouii  conncctire  tissaes. 
Amongst  the  plants  the  seeds  and  fruit,  and  in  certain  instances  also 
the  roots,  are  rich  in  fat. 

The  fata  consist  nearly  entirely  of  so-called  nentral  fats  with 
only  very  small  qanntitieB  of  fatty  acids.  The  neutral  fate  ar» 
ster*  of  the  triatomic  alcohol,  glycerin,  with  monobasic  fatty  acidg. 
Thece  e*tera  arc  triglycerides,  that  is,  the  throe  hydrogen  atoms  of 
the  hydroxyl  of  tho  glycerin  are  rcplnced  by  tho  fatty -aciJ  riMiicjils, 
and  their  general  formula  is  therefore  C^I(,.O..R,.  The  animal  fats 
consiitt  chiefly  of  esters  of  tho  three  fatty  acids,  stearic,  palmitic, 
and  oleic  acids.  In  the  plant  kingdom  triglycerides  of  other  fatty 
aoido,  such  as  lauriu  acid,  linoleic  acid,  erucic  acid,  «tc.,  sometimes 
occur  abundantly. 

'I'tit)  aniiiiul  fats  are  of  the  greatest  interest  and  consist  of  a 
mixture  of  varying  qoaDttties  of  tieistearik,  TBirAtuiTtK,  and 
TftiOLKTS,  having  an  avorage  elementary  compowtion  of  C  76.6, 
U  I'^O.  and  O  11.5  per  cent. 

Fats  from  different  species  of  animals,  and  even  from  different 
purLs  of  the  sairie  unimal,  have  an  osaentially  different  consistency, 
dejiendiri^'  upon  the  relative  Amounts  of  the  different  fat«.  Ju  solid 
futjf— ori  tallow — tristeariu  and  tripalmitin  are  ia  excess,  while  the 
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less  solid  fats  are  characterized  by  a  greater  abundance  of  tripal- 
niitin  and  triolein.  Tliis  last-mentioned  fat  is  found  in  greater 
quantities  proportionally  in  cold-blooded  animala,  and  this  accounts 
for  the  fat  of  these  animals  remaining  fluid  at  temperatnres  at 
-which  the  fat  of  warm-blooded  animals  solidifies.  Unman  fat  from 
ilifferent  organs  and  tissues  contains,  in  round  numbers,  070-800 
p.  ni.  triolein.  The  melting-point  of  different  fats  depends  upon 
the  composition  of  the  mixtures,  and  it  not  only  varies  for  fat  from 
different  tissues  of  the  same  animal,  bnt  also  lor  the  fat  from  the 
.same  tissues  in  various  kinds  of  animals. 

Neutral  fats  are  colorless  or  yellowish  and,  when  perfectly  pure, 
odorless  and  tasteless.  They  are  lighter  than  water,  on  which  they 
float  when  in  a  molten  condition.  They  are  insoluble  in  water, 
dissolve  in  boiling  alcohol,  but  separate  on  cooling, — often  in 
crystals.  They  are  easily  soluble  in  ether,  benzol,  and  chloroform. 
The  fluid  neutral  fats  give  an  emnlsion  when  shaken  with  a  boId- 
tion  of  gam  or  albumin.  With  water  alone  they  give  an  emnlsion 
only  after  vigorous  and  prolonged  shaking,  bnt  the  emulsion  is  not 
persistent.  Tlie  presence  of  some  soap  causes  a  very  fine  and  per- 
manent emulsion  to  form  easily.  Fat  produces  spots  on  paper 
which  do  not  disappear;  it  is  not  volatile;  it  boils  at  about  300°  C. 
with  partial  decomposition,  and  burns  with  a  luminous  and  smoky 
flame.  The  fatty  acids  have  most  of  the  above-mentioned  proper- 
ties in  common  with  the  neutral  fats,  but  differ  from  them  in  being 
soluble  in  alcohol-ether,  in  having  au  acid  reaction,  and  by  not 
giving  the  acrolein  teat.  The  neutral  fats  generate  a  strong  irritat- 
ing vapor  of  acrolein,  due  to  the  decomposition  of  glycerine, 
C,H,(OH),  —  2H,0  =  C,H,0,  when  heated  alone,  or  more  easily 
when  heated  with  potassium  bisulphate  or  with  other  substances 
removing  water. 

The  neutral  fats  may  he  split  by  the  addition  of  the  constituents 
of  water  according  to  the  following  equation:  C,H,(OR),  +  3H,0 
=  C,H,(OH),  +  3H0R.  This  splitting  may  be  produced  by  the 
pancreatic  enzyme  or  by  superheated  steam.  We  most  frequently 
decompose  the  neutral  fats  by  boiling  them  with  caustic  alkali  not 
too  concentrated,  or,  still  better  (in  zoochemical  researches),  with 
an  alcoholic  potash  solution.  By  this  procedure,  which  is  called 
saponiflcation,  the  alkali  salts  of  the  fatty  acids  (soaps)  are  formeil. 
If  the  saponification  is  made  with  lead  oxide,  then  lead-plast-er, 
lead-salt  of  the  fatty  acids,  is  prodaced.    We  do  not  only  coll  the 
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aplittiDg  of  neutral  faU  by  alkalies  sapoititication,  but  also  the 
splilting  of  neutral  fiits  int'»  fatty  acids  iind  glycerin  in  genernl. 

On  keeptDg  tats  for  a  long  time  in  contact  with  air  Uiey  undergo 
a  change,  bocoming  yellow  iu  color,  acid  in  reaction,  and  dorelop  uu 
nnpleoaant  mlor  unil  tjisto.  It  bcC'OnieK  rnncid,  aiid  in  tbis  chaiigo 
a  part  of  the  fat  is  s^plit  into  fiitty  ucidfi  and  glycerin,  and  then  an 
oxidation  of  the  free  fatty  acids  takes  place,  prudncing  rolatile 
bodies  of  an  iinpluunant  odnr.  The  rancidity  is  nut  dne,  as  Fthowii 
by  GAKfhY  and  Kitskkt,'  to  the  presence  of  microbes.  According 
to  theeo  inrestigators  the  change  ia  due  to  the  combined  action  of 
ur  and  light. 

In  certain  animal  fats,  as  in  miik-fati  email  qnantitiea  of 
triglyceridee  of  lower  fatty  acids,  such  as  bntyrio,  caprolo  aoids, 
etc.,  oconr.  The  same  is  observed  in  fat  from  cert^iin  animals, 
althongh  little  studied.  Still  these  are  of  miliar  importance  as 
compared  to  the  three  most  importatit  fats  of  the  animal  bod^, 
namely,  trif/Mrin,  iripti/mi/m,  and  irinfein. 

Stearin,  or  thi-'itkauin,  t\H,(C,,H,jOJ,.  oooura  ospeciaily  in 
the  solid  varieties  of  tallow,  bnt  also  in  the  vegetable  fats. 

Stearic  acid,  C,,H„0,,  is  found  in  the  free  state  in  docompoaed 
pns,  ill  the  cxpcotorutiona  in  gangrene  of  the  Inng*,  and  in  choeay 
tnbercaloQs  maaua.  It  oecnra  as  lime-soap  iu  oxcrDments  and 
|ipoc*ro,  and  in  thia  !a«t  product  also  as  an  ammonia  soap.  It 
erhapa  exists  as  sodium  soAp  in  the  hlood,  transodationH,  and  pua. 

Sfeorin  is  the  hardest  and  most  insolnble  of  the  three  ordinary 
neutral  fats.  It  is  nearly  insoluble  in  cold  alcohol  and  soluble  with 
great  difticulty  in  cold  ether  ('i'iS  parts).  It  separates  from  warm 
■Icohol  on  oooling  as  rectangular,  lesa  frequently  as  rhombical 
p1at«B.  The  statements  in  regard  to  the  melting-point  are  i^me- 
what  Taried.  Pure  stearin,  according  to  Hkintz,*  melts  between 
+  56°  and  ll^.S.  The  stearin  from  the  fatty  tissoes  (not  pure) 
melt«  at  -f-  fi3°  C. 

Stearic  acid  crj'stftllizes  (on  cooling  from  boiling  alcohol)  in 
large,  shining,  long- rhombical  scales  or  plates.  It  is  less  solnble 
ku  the  other  farty  a<^idjfi  and  meltfl  at  69.2°  C.  Its  barinm  salt 
>ntains  i'.f.VJ'i  Imrinm. 

Palmitin,  thu-almitin,  C.Il.(C„n„0,)..  Of  the  two  solid 
varieties  of  fat^,  palmitiu  h  the  one  wliich  oconni  in  predominant 
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qaantities  in  human  fat  (Lanokr).'  Palmitin  Is  preseat  in  all 
animal  fats  and  in  several  kinds  of  vegetable  fats.  A  mixture  of 
fltearin  and  palmitin  was  formerly  called  MARGARiif. 

Palmitic  acid,  C„II„0,.  As  to  occurrence,  about  the  same 
remarks  apply  as  to  stearic  acid.  The  mixture  of  these  two  acids 
has  been  called  margaric  acid,  and  this  mixture  occurs — often  as 
very  long,  thin,  crystalline  plates — in  old  pus,  in  expectorations  from 
gangrene  of  the  Inngs,  etc. 

Palmitin  crystallizes,  on  cooling  from  a  warm  saturated  solution 
in  ether  or  alcohol,  in  starry  rcaettes  of  fine  needles.  The  mix- 
ture of  palmitin  and  stearin,  called  margarin,  crystallizes,  on  cool- 
ing  from  a  solution,  as  balls  or  round  masses  wliicb  consist  of  short 
or  long,  thin  plates  or  needles  which  often  appear  like  blades  of 
•grass.  Palmitin,  like  stearin,  has  a  variable  melting  and  solidifying 
point,  depending  upon  the  way  it  has  been  previously  treated. 
The  melting-point  is  often  given  as  +  62°.  According  to  other 
statements'  it  melts  at  50°.5  C,  solidifies  on  further  heat  and 
melts  again  at  66°.50  C. 

Palmitic  acid  crystallizes  from  an  alcoholic  Bolution  in  tnfts  of 
fine  needles.  It  melts  at  +  02°  C. ;  still  the  admixture  with  stearic 
acid,  as  Heintz  has  shown,  e^entially  changes  the  melting  and 
solidifying  points  according  to  the  relative  amounts  of  the  two 
acids.  Palmitic  is  somewhat  more  soluble  in  cold  alcohol  than 
stearic  acid;  but  they  have  aboat  the  same  solubility  in  boiling 
alcotiol,  ether,  chloroform,  aud  beuzol. 

Olein,  TRiOLKiN,  C,IIXC„n„0,)„  is  present  in  all  animal  fats 
and  in  greater  quantities  in  plant  fats.  It  is  a  solveut  for  stearin 
and  palmitin.  Oleic  acid,  elaic  acid,  C„n,,0,,  occurs  probably 
as  soaps  ill  the  intestinal  canal  during  digestion  and  in  the  chyle. 

Olein  is,  at  ordinary  temperatures,  a  nearly  colorless  oil  of  a 
specific  gravity  of  0.914,  without  odor  or  marked  taste.  It  solidifies 
in  crystalline  needles  at  —  5°  C.  It  becomes  rancid  qnickly  if 
exposed  to  the  air.  It  dissolves  witii  difficulty  in  cold  alcohol,  but 
more  easily  in  warm  alcohol  or  in  ether.  It  is  converted  into  ite 
isomer,  elaidin,  by  nitrous  acid. 

Oleic  acid  forms  at  ordinary  temperature  a  colorless,  tasteless, 
and  odorless  oily  liquid  wliich  solidifies  in  crystals  at  about  -|-  4°  C, 
which  then  melt  again  at  +  14'  C.     On  being  heated  it  yields, 

*  MoDftUbflfte  r.  Chem. ,  Bd.  2. 
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>>eaide8  volatile  fatty  acids,  behaoic  ACtu,  C„H„0„  vhich  crystal- 
lizes in  ehining  plates  anil  incite  at  +  197"*  C.  Oleic  acid  is  coii- 
verted  by  nitrous  acid  into  JU  isomer,  klaidic  acid,  which  is  a 
eolid,  melting  at  -f  45*  <_'.  Oleic  acid  is  insoluble  in  water,  bat 
diftaoWea  in  alcohol,  ether,  and  chlorofomi.  With  concentrated 
snlptiuric  aoid  and  some  cane-sngar  it  gire^  a  bcantifiil  red  or 
TNldiRb-violet  liquid  whose  color  is  similar  to  that  prodnced  In 
PrTTRSKOFER'fi  Iftst  fnr  bilc-acids. 

If  tlio  wacerr  «ohuiori  of  the  alkali  conibinationB  of  oleic  acid  is 
prtfcijiitated  with  lead  no^tJite,  a  white,  tough,  sticky  mass  of  lead 
draie  in  ohtainfid  which  is  not  Bolnble  in  water  and  only  slightly  in 
alcohol,  bnt  is  solnble  in  ether  {differing  from  the  lead-salts  of  the 
other  two  fatty  acids). 

Sn  actil  rttkivd  to  oleic  arid.  Iiokui.k  ,u*ii>,  which  is  nolid  nt  0*  (.'..  liquid 
mt  4-  14',  niHl  iH'lublv  lu  Rlctjliul,  in  Toiiod  in  the  blubber  of  tbu  BttHrna 
ftmlnUa.  Ktrhatofi'  '  lian  dnmrinstmtvil  the  irrMrnc^  of  linolui«  acid  in  tlw 
hi  tit  tine  ailurua,  atiirgeou,  h»al,  tuid  rerlain  olljr^r  aniutalit. 

To  detect  the  presence  of  fat  iu  an  animal  fluid  or  tifi^ue  the  fat 
taiX  fitit  be  extracted  with  ether.  After  the  evaporation  of  the 
jer  the  residiit'  is  tt*tcd  for  fat  and  tlie  acrolein  Leut  niiist  not  Iw 
"nejilocted.  If  this  test  gives  positive  resnlts,  tlieu  neiitral  fata  arc 
present;  if  the  restiUn  are  negative,  then  only  fatty  acids  are 
preaeiit.  If  the  above  ri'siduo  after  evaporation  gives  the  acrolein 
teat,  then  a  small  portion  ia  ditisolved  in  alcohol-uther  free  from 
■cid  and  which  baa  ueen  colored  bluish  violet  by  tincture  of  olkanct. 
If  the  color  hwomca  red,  a  raixtnro  of  nouiral  fat  and  fatty  iu;id8 
is  present.  In  this  case  the  fat  iR  treated  in  the  warmth  with  a 
KNla  Boliition  and  evapomted  on  the  water-bath,  coustantly  stirring 
until  alt  the  water  is  removed.  The  fatty  acids  hereby  combine 
with  theaJkali,  foruiiug  mhijis,  while  the  neutral  fats  artmrtl  lajioui- 
tied  under  tlicee  c<iiiditi(»n6.  If  this  mixture  ul  soups  and  nuutral 
fau;  ii  treated  with  water  and  then  shaken  with  pure  ether,  the 
nentral  fata  are  diawlvcd,  while  the  soaps  reniiiin  in  the  watery 
aolntion.  The  fatty  acids  may  be  acparat^  from  this  solution  by 
the  addition  of  a  mineral  acid  which  set^  the  acid  fi'ee. 

The  neutral  fata  separated  from  the  soaps  by  mean  of  ether  are 
often  coutaminaied  with  rholostcriu,  which  must  bu  goparatcd  in 
qnsntilatirc  dctcrnu nations  Uy  FtHponilii.'ntioii  with  ulcoholii;  caustic 
jmtaith.  The  chole^terin  ie  not  attacked  by  the  caustic  alkali,  while 
the  neutral  fat*  are  saponified.  After  the  evaponitinn  of  the 
aloobol  the  residue  \»  dissolved  in  water  and  ehnken  with  ether, 
which  diRBolres  the  cholesterin.  The  falty  acidtt  are  separated  from 
the  watery  Rotution  of  the  soaps  by  the  addition  of  a  mineral  acid. 
If  a  mixtare  of  soaps,  neutral  fats,  and  falty  acids  is  originally 
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fireaent,  it  is  trented  lirst  with  wnter,  then  agitated  with  ether  ft«»j 
rom  alcohol,  which  disaotvea  tlie  fut  and  fatty  acida,  while  thb 
sonpn  remain  in  the  solntion,  with  the  exccptioi)  of  a  rory  email 
litiioiiiil  wbieh  ie  diMolved  by  the  ether. 

Tu  UtitL'ut  iiiid  t()  &timr»l&  the  ditlcreut  varieties  of  neatml  fate 
from  each  other  it  is  best  flret  to  Baponify  them  with  alcoholic 
pntiiHh,  (ir  Ktill  l}«tterwitli  Hnditmi  alcoholM.te,  iu»;ordiiig  to  Kog^KL, 
Obkhmullkh,  and  KlitUiKR.'  After  the  evaporiLtiou  of  the  alcohol 
they  are  dissolved  in  water  aiid  precipitat*'rd  with  snffar  of  lead. 
The  lead  oleate  is  then  separated  from  l;he  other  two  lead-salts  by 
re])eated  extntctioii  with  ether.  Thu  reKiUtie  iuewluhte  id  ether  ia 
decomposed  on  the  watcr-buth  with  an  excess  of  soda  eolation, 
fivaporateil  to  tlryness,  (iiiftly  piilvorizod,  mid  ostniftted  with  boiling 
alcohol.  The  alcoholic  solution  is  then  fnwtiorially  precipitated  by 
barium  acetate  or  barium  chloride.  In  otie  fraclioii  the  anionat  of 
barium  is  det-ermiiied,  and  in  the  other  the  mul tiug- point  of  the 
fatly  Jic'itl  ttet  free  by  a  nnnerul  acid.  Thu  fatty  fu;ids  occiirring^ 
origitiaLly  in  tlio  uninml  tissues  or  tluids  at!  free  acids  or  as  BOUpB  are 
couTortcd  into  buriam  solta  and  inreBtig&ted  ob  above. 

The  fat»  are  poor  in  oxygen  but  rich  in  carbon  and  hydrogen. 
They  therefore  represent  a  large  anionnt  of  chemical  potential 
energy,  and  they  correspondingly  yield  large  (inaiitities  of  beat  on 
comhustiDii.  They  take  tni  rank  amoogat  tho  foods  in  this  regftrd 
and  are  therefore  of  Tcry  great  iuiportunee  in  nnipial  life.  We  will 
speak  more  iu  detail  of  this  biguifiuaiice,  aliso  of  fat  formation  and 
tlio  behavior  of  the  fata  iu  the  body,  iu  the  following  chapters. 

The  i.Ei'iTUiNs,  which  stand  in  cloi^)  relutiouship  to  the  fata, 
will  he  treated  of  iu  a  mibijetiuont  chapter.  The  following  bodtea 
append  themselvea  to  tho  ordinary  animal  fata. 

Bpermaevti.  In  x\it>  living  H|>prmiic<tti  or  wltitn  irhftla  tb«i«  is  foond  la  a 
large  cuiiiy  in  llie  »kii11  aa  nily  litiuid  titncd  mpi-rcLiiici-ti,  wlitcli  on  nwlia^ 
after  dentil  M>pnrHlr-H  iiiN>  a  mjI:<1  crj'.'iliilliiio  jinrt.  uniiiinriiv  r.iilli-d  MfKKMA^'an, 
and  iiiio  A  Ijqiiit!,  cf  EiiMACKTi  OIL.  Thin  Whx  \*  M'|>iirt[i(nl  l>j*  jtn-Nsuro.  Sper- 
iDsr«-li  iH  nUi*  founil  \a  ntbi^r  wIikIos  and  la  ct^rtahi  F-fH-rifi^  tit  ii<>l)>liln. 

Tlin  imrilied,  *)lnt  spurmneeli.  whicli  ia  c*llio(l  cBTis,  Is  a  mixtun'  of  ntora 
of  fuity  Kciiis.  'I'h«  cliief  couslitueiU  \*  tin-  I'oiyl'paliiiiiJc  Mit«r  lutxml  willj 
suinll  iiuiuilltieB  of  «Mii;>'>iind  elliera  of  iDurir.  tnyrisitie.  and  staaric  orldA  wiUi 
rai)i'-al»  i^f  tLo  alcolinla,  i.RTUAL.  C,,tUi.UH,  uETTnAi..  UuHtiOll.  and  ftTKTHAi^ 
(.'..H,.  Oil. 

OtUn  Is  a  ftnow-vliltn  inafts  ahlninfr  lll«!  mothcr-nf-pcorl,  cryMnlDzIng  In 
pUltm.  t>rittln,  filiv  to  Ihn  tuurli,  tiuil  wtiinlt  Iia.^  a  Tarjrlnir  iiii^Hinir.poiiit 
of  +  30*  t"  ''''"  t'.,  dciviiding  uimn  Its  parity,  C«tin  is  inaolubU  In  wst«r,  bat 
dismlvM  e-Kitilv  In  rold  father  or  volatile  aad  falCy  oilt?.  It  'liEsalreH  in  boillnp 
alcohol,  bul  cryfltailiKMi  on  tooling.  It  Is  unponitiH  with  iliffieolty  by  a  caIu. 
lion  of  causiic  F-olasti  in  wnlor  lint  with  an  nlcohulic  unlutloD  it  aapgaifiva 
nadily  and  ih>.'  abow-mvulionud  iik''<boU  urv  act  irvi. 

'Zoltxcbr.  f.  pbyBlol.  Cbem.,  Bdd.  14,  16,  and  16 
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Sthal,  or  cetyl  alcohol,  CitHn.OH,  wbicb  kIbo  occurs  in  tbe  coccj^goal 

f'land  of  ducks  and  g:ee8e  (Dk  Jonge')  and  io  smaller  quanti ties  Id  beeswax, 
dthis  white,  tTanspareat,  odorless,  and  ttuiteless  crystals  wbicli  are  insoluble 
in  water  bat  dissolve  easily  in  alcohol  and  ether.     Ethal  melts  at  49.5°  <•.'. 

Spbruacbti-oil  yield*)  on  saponification  valerianic  acid,  small  amounts  of 
solid  fatty  acids,  and  phtsbtolbic  acid.  ThiH  acid  forms  colorlesn  and  odor- 
less, needle-shaped  crystals  which  easily  dissolve  *id  alcohol  and  ether  and  melt 
at  +  84°  C. 

Beeswax  may  be  treated  here  as  concluding  the  subject  of  fats.  It  contains 
three  chief  constituents:  1  Ckrotic  ACID,  C'uHitOi,  which  occnrs  as  cetyl 
ether  in  Chinese  wax  and  as  free  acid  in  ordinary  wax.  It  dissolves  tu  boilinf; 
alcohol  and  separates  as  crystals  on  cooling.  The  cooled  alcoholic  extract  of 
wax  contains  (3)  cbsolbin,  which  is  probably  a  mixture  of  several  bodies,  and 
(8)  UTRisiN,  which  forms  the  chief  constituent  of  that  part  of  wax  which  is 
insoluble  in  warm  or  cold  alcohol.  Myrisin  consists  chiefly  of  palmitic-acid 
ether  of  melissyl  (myricyl)  alcohol,  CigHo.OU.  This  alcohol  is  a  silky,  shioiog, 
cTTStalline  body  melting  at  -{•  86°  C. 

>  Zeitschr.  f.  physiol.  Chem.,  Bd.  8. 


CHAPTER  V. 

THE   ANIMAL  CELL. 

The  cell  is  the  unit  of  the  manifold,  variable  forms  of  the 
organism;  it  forms  the  simplest  physiological  apparatus,  and  as  such 
is  the  seat  of  chemical  processes.  It  is  generally  admitted  that  all 
chemical  processes  of  importance  do  not  take  place  in  the  animal 
fluids,  but  transpire  in  the  cells,  which  may  be  considered  as  the 
chemical  laboratory  of  the  organism.  It  is  jUso  principally  the  cells 
which,  through  their  greater  or  less  activity,  regulate  or  goTem  the 
range  of  the  chemical  processes  and  also  the  intensity  of  the  total 
exchange  of  material. 

It  is  natural  that  the  chemical  investigation  of  the  animal  c«U 
should  in  most  cases  coincide  with  the  study  of  those  tissues  of 
which  it  forms  the  chief  constituent.  Only  in  a  few  cases  can  the 
cells  be  directly,  by  relatively  simple  manipulations,  isolated  in  a 
rather  pure  state  from  the  tissues,  as,  for  example,  in  the  investi- 
gation of  pus  or  of  tissue  very  rich  in  cells.  But  even  in  these 
cases  the  chemical  investigation  may  not  lead  to  any  positive  results 
in  regard  to  the  constituents  of  the  uninjured  living  cells.  By  the 
process  of  chemical  transformation  new  substances  may  be  formed 
on  the  death  of  the  cell,  and  at  the  same  time  physiological  con- 
stituents of  the  cell  may  be  destroyed  or  transported  into  the  sur- 
rounding menstrnum  and  therefore  escape  investigation.  For  this 
and  other  reasons  we  possess  only  a  very  limited  knowledge  of  the 
constituents  and  the  composition  of  the  cell,  especially  of  the  living 
one. 

While  young  cells  of  different  origin  in  the  early  period  of  their 
existence  may  show  a  certain  similarity  in  regard  to  form  and 
chemical  composition,  they  may,  on  farther  development,  not  only 
take  the  most  varied  forms,  but  may  also  offer  from  a  chemical 
standpoint  the  gzeatest  diveisitj.     As  a  description  of  the  constit- 
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Dents  fttifl  composition  of  tlie  different  eelU  orriirrinif  in  the  animnl 
organiam  is  nenrly  equivalent  to  a  demonstration  of  the  ohcmical 
properties  of  mnst  nniniftl  timaeA,  and  m  thiti  exposition  vill  l>o 
foTiTi<l  in  their  reHpectiTe  chapters,  we  will  hei'e  only  discnw  tlie 
chemical  con^titaents  of  the  yonng  cells  or  the  cells  in  general. 

In  the  stndy  of  these  cooRtitueutu  we  are  confronted  with 
another  ditficiilty,  namely,  we  mnst  differentiate  by  chemical 
research  lietween  those  constttnente  which  are  esaentiuUy  necemiAry 
for  the  life  of  the  cells  and  those  wliiih  are  casual,  i.e.,  stored  up 
Hi  reserre  material  or  na  metaholtc  products.  In  thin  connection 
we  have  only  been  able,  thus  far,  to  leani  of  nerCain  BohstanceH 
which  eeeiu  to  occur  iu  every  developing  cell.  Such  bodies,  called 
I'RiaiAKY  by  KossEL,'  are,  besides  water  and  ocrtaiu  uiioenil  con- 
stituentK,  proteidit,  nucleoproteuii>  '.)r  nuclein,  lecithins,  glycogen  (?), 
and  choleeterin.  Tbo«e  bodies  which  do  not  occur  in  every 
developing  Cell  are  called  skcosmiaky.  AniongBt  these  we  have 
(at,  glycogen  (?),  jiipinenta,  etc.  It  muel  not  l«  forgotten  that  it 
is  still  powible  that  other  primary  cell  contitttnents  may  exist,  but 
nnkuown  to  us,  and  we  also  do  not  known  whetliur  all  the  primary 
couatitneut«  of  the  cell  are  necessary  or  esseuLJal  for  the  life  and 
fanctions  of  the  name.  We  do  not  know,  for  example,  whether 
the  ever-preaciit  choleaterin  is  an  excretory  product  of  the  nieta- 
boliiini  within  the  cell  or  whether  it  is  neoessary  for  the  life  and 
de%~elopmcnt  of  the  eianie. 

Another  important  tjueetiou  is  the  diviisioii  of  the  rurious  cell 
constitaonis  between  the  two  morphological  coEnjtoiieiitfi  of  the  cell, 
Dumeiy,  the  protoplasm  and  the  nucleus.  Tliiii  is  very  diflicult  to 
decide  for  many  of  the  couKtituents,  nwortheleiw  it  iJt  apjiropmte 
to  differentiate  between  the  protoplasm  and  the  nuclens. 

The  Frotoplum  of  the  developing  cell  coosiata  during  life  of  a 
semi-solid  Dims,  contractile  nodcr  certain  conditions  and  readily 
ctuutgeable,  which  is  rich  in  water  and  whose  chief  portion  consists 
of  protein  substancee.  If  the  cell  he  dcprired  of  the  physiological 
comlitioiu  of  life,  or  if  exjHwod  to  destructive  exterior  influencei, 
anrh  m  the  acHnn  of  high  tempcratiiret!,  of  chemical  agents,  or 
itidood  of  distilled  water,  the  protujiludui  dies.  The  albamiuous 
bodies  which  it  contains  roai^'nlate  at  leiui  partially,  and  other 
chemical  changes  are  found  bo  take  place.     Tiic  alkaline  rosction 
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of  the  living  cell  may  be  coDTerted  into  an  acid  by  the  appearance 
of  paralactic  acid,  and  the  carboliydrate,  glycogen,  which  habituaUy 
occurs  in  the  young  generative  cell  may  after  its  death  be  quickly 
changed  and  consumed. 

The  question  as  to  the  structure  of  the  protoplasm  has  been 
answered  in  various  ways.  According  to  the  ordinary  view  the 
body  of  the  cell,  the  cytoplasm,  contains  a  network,  the  sponoio- 
PLASM,  in  the  meshes  of  which  is  a  more  homogeneous,  structureless 
substance,  hyaloplasm.  It  has  also  been  admitted  that  the 
8pongioi>lasm  consists  of  a  special  substance,  plastin^  whicli  will  be 
described  later,  and  that  the  hyaloplasm  consists  chiefly  of  proteid. 
Besides  this  the  protoplasm  contains  granules  of  various  kinds 
which  behave  differently  with  dyes  and  sometimes  vacuoles  contain- 
ing fin  id. 

77(6  proleids  of  the  protoplasm  consist,  according  to  the  general 
view,  chiefly  oi  ghhvhns.  Albumins  have  also  been  found  besidee 
the  globulins.  There  is  no  doubt  at  present  that  the  albumins 
occur  in  the  cells  only  as  traces,  or  at  least  only  in  trifling  quanti- 
ties. The  presence  of  globulins  can  hardly  be  disputed,  although 
certain  cell  constituents  described  as  globulins  have  been  shown  on 
closer  investigation  to  be  nncleoalbumins  or  nucleoproteids.  This 
is  true  for  the  so-called  //-globulin  isolated  from  the  lymphatic 
glands  by  Hai.libi'BTon'.  On  the  contrary,  according  to  this 
investigator,  the  so-called  a-cell  globulin,  coagulating  at  47-50° 
('.,  iMid  occurring  in  all  cells,  is  a  true  globulin." 

In  opposition  to  the  view  that  the  chief  mass  of  the  animal 
cell  eonsiats  of  true  proteids,  the  author '  expressed  the  opinion 
several  years  ago.  that  the  xjhief  mass  of  the  protein  substances  of 
the  cells  does  not  consist  of  proteids  in  the  ordinary  sense,  but  con- 
sists of  more  complex  phosphorized  bodies,  and  that  the  globnlins 
and  albumins  are  to  be  considered  as  nutritive  material  for  the  cells 
or  as  destructive  products  in  the  chemical  transformation  of  the 
protopli(flm.  This  view  has  received  substantial  support  by  invw- 
tigations  within  the  last  few  years.  Alex.  Schmidt  *  has  come  to 
the  view,  by  investigations  on  various  kinds  of  cells,  that  they 
contain  only  very  little  proteid,  and  that  the  chief  mass  eonsiats  of 

<  St;<>  llallibnnon.  On  the  Obemical  Physiology  of  the  Animal  Cell,  1896, 
No,  1,  Kinp'H  CollppB  I'liysiol.  Laboratory. 
»  PfiQRer's  Arch.,  B<i.'36.  S,  449. 
'  Alez.  Schmidt,  Zur  Blatlefare,  Leipzig.     IBM. 
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Tery  nomplex  protein  nnbfitancefl.  Lii.iknit.ld  hoK  aIso  found  on  & 
rjnantitatiro  analyitie  of  leticocjtod  from  tho  thymaft  j^land  only 
1.76ji£  proteicl  (in  tlio  dri(>(]  nnbslaiice),  iu  tlie  ordinary  Mi-am. 

The  protein  auhatanf^es  of  tlie  cella  conAi^t  chiefly  of  compound 
oroieidt,  and  tliese  are  divided  between  the  gWcoproterd  and  the 
nurleo-proteid  groiipn.  It  in  impossible  at  present  to  state  the 
extent  of  uucleoalbnminA  in  the  oetU  because  thuA  far  in  most  cum 
no  exact  dilTerence  Has  been  made  between  them  and  the  uucleo- 
proteids.  IIopi-k-Shylbr  '  calls  vUflUn  a  regalar  constituent  of  all 
protoplasm.  This  body  nscd  to  bo  considered  as  a  globulin,  bnt 
later  reBCftrchos  have  shown  that  the  ao-callcd  vitelline  bodies  may 
be  of  various  kinds.  Certaiu  vitellins  seem  to  be  nucleoalbuniins, 
and  it  is  therefore  very  probable  that  cells  habituHlly  contain 
nucleoaiitnmins. 

The  nucleoproieids  taken  very  prominent  place  among  the  com- 
pound proteids  of  the  coll.  The  varions  substances  isolated  by 
ditTerent  investig&tors  from  animal  celU,  »nch  a»  tisxue  fibrinogen 
( WonLhKlDOK'),  ryloglahin  unci  prf^lobulin  (At,EX.  S'lrwiliT '),  or 
nttcieohiston  (Kosskl  and  L[liknpeld*),  belong  to  this  groap. 
Tbe  cell  constituent  which  Bwells  up  to  a  Bticky  mass  with  common 
•iilt  fiolatiou  and  called  UovltiA'b  hyaline  substatv:v,  uUu  belongs  to 
this  gronp. 

Tha  above-Dieutioned  difTeronl  protein  substances  have  only 
beeu  simply  designated  hs  constituents  of  the  cells.  The  next 
qaeution  is  which  of  these  belong  to  the  protoplasm  and  which  to 
the  Ducleus,  At  present  we  can  give  no  positive  answer  to  this 
Unostion.  According  to  KossKLaud  Lilienpeld,*  the  cell  uuclens 
of  the  leucocytes  contains  a  nncleoproteid,  besides  nncleitis.  as  chief 
coostitueut,  aud  sometimes  perhaps  also  nucleic  acid  (see  below), 
while  tbe  body  of  the  cells  contains  chietly  pure  protoids  busides 
^bhor  sabstances,  and  only  a  little  nucleoalbnmin,  containing  a  very 
toll  quantity  n[  pb^ittplioras.  This  view  coincides  well  with  the 
obeerrattous  of  LiLrENFGi.i)  ou  the  behavior  of  ihv.  protoplasm  and 
cell  naolens  on  one  side  as  compared  with  the  proteids  and  nucleia 

>  PlirAlol.  Chem.,  1677-186[.  S.  7S. 
'  I>i«>  (ii'riunungdM  BIqIm.     Leiptig,  1891. 
*Zur  Ulurlt^hre. 

*LI)lenfel(l.  ^itscbr,  f.  phyEiol.  Chom..  Btl.  IS. 

'  L'cbcr  dit)  WahlverwuidsGhfifc  der  Zulleteiuvuto  xu  gewisscn  FKrbiiMffei). 
VeriundU  d.  phTiiol.  Ofmllscb.  zu  Bi-rlin.  No.  11,  18S3. 
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snbstaoces  vith  certain  coloring  matters;  bat  it  seems  to  be 
inconsistent  with  the  qnantitative  composition  of  the  lencocytes  as 
found  by  Liliekfeld.  If  we  admit,  according  to  Eossel  and 
LiLTENFBLD,  that  the  nacleoproteid,  called  by  them  nucleohiston, 
belongs  only  to  the  nnclens  of  tlie  leucocytes  of  the  thymus  gland, 
then  77.45  parts  of  the  79.21  parts  of  proteins  in  100  parts  of  the 
dried  substance  belongs  to  the  nncleus  and  only  1.7G  parts  to  the 
protoplasm.  As  tlie  lymphocytes  of  the  thymus  gland  of  the  calf 
contain  only  one  nucleus,  in  which  the  mass  of  tlie  nnclens  snr- 
p^scB  that  of  the  cytoplasm,  it  is  natural  that  the  relative  propor- 
tion of  t))e  various  protein  substances  in  these  cells  cannot  be  taken 
as  a  standard  for  the  composition  of  other  cells  richer  in  cytoplasm. 

Complete  investigations  in  regard  to  the  distribution  of  protein 
substances  in  the  protoplasm  and  nncleus  of  other  cells  have  not 
been  made.  If  we  consider  for  the  present  that  the  cells  rich  in 
protoplasm  contain,  as  a  rule,  only  very  little  true  proteid,  we  are 
hardly  wrong  in  considering  it  probable  that  the  protoplasm  con- 
tains chiefly  nncleoalbumins  and  compound  proteids  besides  traces 
of  albumin  and  a  little  globulin.  These  compound  proteids  are  in 
certain  cases  glycoproteids,  but  otherwise  nncleoproteids  which 
differ  from  the  nucleoprotcids  of  the  nncleus  in  being  poorer  in 
phosphorus,  besides  containing  a  great  deal  of  proteid  and  only  less 
of  tlie  prostetic  group,  and  hence  have  no  specially  pronounced  acid 
character. 

The  nucleoproteids  of  the  nucleus  are  on  the  contrary,  as  shown 
by  Ij1LIf:\'fp:lii  and  Kossel,  rich  in  phosphorus  and  of  a  strongly 
acid  character.  Tliesc  nucleoproteids  will  be  treated  of  in  speaking 
of  tlie  nucleins  of  the  nucleus. 

In  cases  iu  which  the  protoplasm  is  surrounded  by  an  outer, 
condensed  layer  or  a  cell  membrane,  this  envelope  seems  to  consist 
of  albumoid  substances.  In  a  few  cases  these  substances  seem  to 
be  closely  related  to  elastin;  in  other  cases,  on  the  contrary,  they 
seem  rather  to  belong  to  the  keratin  group.  The  chemical 
processes  by  which  these  albumoid  substances  are  formed  from  the 
albuminous  bodies  or  compound  proteids  of  the  protoplasm  are 
unknown. 

Among  the  non-proteid  substances  of  the  cell  we  must  first  men- 
tion lecithin,  which  exists  aa  a  pOBitive  constituent  of  the  proto- 
plasm.   It  is  diffioolt  to  say  vhether  it  also  exists  in  the  nQcleas. 
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Lecithin.  Tliis  bod;  is,  auoording  to  the  inveetigationH  of 
Streiker,'  UiTSDESHACEN,'  aud  triLSON,'  an  ether-like  oombiuji- 
tioD  of  gljcerophoBphoric  acid  substituted  bj  tiro  fatty  ucid  radivaU, 
with  a  base,  oholin.  Thorefore  there  may  be  different  leoitbins 
HOConliDg  to  the  fatty  acid  contained  In  the  lecithin  molecule. 
Ooe  of  these — dtatninjUectihin — hii»  been  cloiwly  studied  by  IIui'PB- 
SBYLKRttud  l>IACONOW:' 

C„H„NPO,  =  HO.(Cn,),N.C.H,.0(OU)PO.O.C*H. :  (C..H„0.).- 

In  aj^ement  with  Uiia,  if  lecithin  be  lioiled  with  baryta-wHter 
it  yields  fatty  arids,  glycprophosidioric  acid,  and  choltii.  It  w  only 
slowly  decomposed  by  dtltile  acidfi.  Besides  iniall  qxiantitien  of 
glycerophoAphoHc  ncid  (perhaps  also  diiitearytglycerophofiphoric 
acid)  we  have  Urge  quantities  of  frtie  phosphoric  acid  split  off. 

flLTrKKoiMUwpiioBic  A<-in  (nO),l'O.O.C,II,(OII),  iii  a  bibanic 
acid,  which  probably  only  occnra  in  the  animal  fhiidtt  and  tisiines 
as  nplitting  prodnct  of  lecithin.  The  fiiuLi.N,  which  is  itlcntical 
with  the  bases  sinkalis  (in  mnatard-Bood)  and  amanjtik  (in 
ogariena  muBcariuB),  hoa  the  formula  IIO.N(0H,),.C,H,.0I],  and  is 
therefore  considered  oa  tritncthTlothosylium  hydmtc.  (^holin,  on 
the  contrary,  in  not  iiloutical  with  the  boac,  .s'kl'RIN,  prepared  by 
LiEBRBicu  aa  a  deoompositton  prodnct  from  the  brain,  which  ta 
considered  u  trimethylvinylinni  hydrate,  TIO.N(OH,),.C,n,.  The 
combination  of  cholin  with  hydrochloric  acid  givca  with  platinum 
chloride  a  crystalline  donble  combination  which  Is  eaaily  eolnble  in 
wat«r,  insoloble  in  alcohol  and  ether,  and  which  cryataUizes  in  six- 
sided  orange -colored  plates.  This  combioatiou  is  ased  in  detecting 
this  base. 

Lecithin  occnrs,  as  IIohpk-Seyi.er'  has  enpeciiUly  sliown, 
widely  diflnee<l  in  the  vegetable  and  animal  kingdoms.  According 
to  tbia  iDvostigAtor,  it  oecars  also  in  many  nasea  in  loose  combina- 
tion with  other  biylies,  Such  aaalbnminons  bodies,  hemoglobin,  and 
others.  Ijccithin,  according  to  IIoi'i-e-Skylkh,  ia  foond  in  nearly 
all  animal  and  rogetahlo  celU  thus  far  atudiod,  and  also  in  nearly 
all  atiimal  fluids.     It  in  specially  abtindant  in.  the  brain,  nerves, 

,    >  Anna],  d.  Cbam   ii.  Vlianiv.  lid.  14$. 
*  Jouni.  f.  prakt.  Chexa.,  \^A   88. 
■  Zeitachr.  f.  ptiyRtul.  I'liem  .  Bi).  13. 
'  Qoppe- Seller's  Med.  chcio.  Untonacb.,  i).  33L  aod  409. 
*PLyiiJol.  Clwm..  1877-1881,  p.  ST. 
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fish-eggs,  yolk  of  the  egg,  electrical  organs  of  the  Torpedo  electricus, 
semen  and  pus,  and  also  in  the  muscles  and  blood -corpnscles,  blood- 
plasma,  lymph,  milk,  and  bile,  as  well  as  in  other  animal  jnices  and 
liquids.     Lecithin  ia  also  fonnd  in  pathological  tissues  or  liquids. 

Lecithin  may  be  obtained  in  grains  or  warty  masses  composed 
of  small  crystalline  plates  by  strongly  cooling  its  solution  in  strong 
alcohol.  In  the  dry  state  it  has  n  waxy  appearance,  is  plastic  sod 
soluble  in  alcohol,  especially  on  heating  (to  40-50°  C);  it  is  less 
soluble  in  ether.  It  is  dissolved  also  by  chloroform,  carbon  disal- 
phide,  benzol,  and  fatty  oils.  It  swells  in  water  to  a  pasty  mass 
whicli  shows  under  the  microscope  slimy,  oily  drops  and  threads, 
so-called  myelin  forms  (see  Chapter  XII).  On  warming  this  swollen 
mass  or  the  concentrated  alcoholic  solntion,  decomposition  takes 
place  witli  the  production  of  a  brown  color.  On  allowing  the  solu- 
tion or  the  swollen  moss  to  stand,  decomposition  takes  place  and 
the  reaction  becomes  acid.  In  putrefaction  lecithin  yields  glycero- 
phosphoric  acid  and  cholin;  the  latter  further  decomposes  with  the 
formation  of  niethyliiniin,  anmionia,  carbon  dioxide,  and  marsh-gas 
(IIasehkoek  ').  If  dry  lecithin  be  heated  it  decomi>oaes,  takes  fire 
and  burns,  leaving  a  phosphorized  coke.  On  fusing  with  canstic 
alkali  and  saltpetre  it  yields  alkali  phosphates.  Lecithin  is  easily 
carried  down  dnring  tiie  precipitation  of  other  compounds  such  as 
the  proteid  bodies,  and  may  therefor^  very  greatly  change  the 
solnbilitins  of  the  hitter. 

Jjflcitliin  combines  with  acids  and  bases.  The  combination  with 
hydrochloric  acid  gives  with  platinum  chloride  a  double  salt  which 
is  insoluble  in  alcohol,  soluble  in  ether,  and  which  contains  10.2'i 
platinum. 

It  may  be  prepared  tolerably  pure  from  the  yolk  of  the  hen's 
egg  by  the  following  methods,  its  suggested  by  Uoppe-Setler  aud 
iTiACONOw.'  The  yolk,  deprived  of  albumin,  is  extracted  with 
cold  ether  until  all  the  yellow  color  is  removed.  Then  the  residae 
is  extracted  with  alcohol  at  50-(5()°  C.  After  the  evaporation  of 
the  alcoholic  extract  at  50-00^  C,  the  sirnpy  matter  is  treated 
with  ether  and  the  insoluble  residue  dissolved  in  as  little  alcohol  as 
possible.  On  cooling  this  filtered  alcoholic  solution  to  —  6°  to 
—  10°  C.  the  lecithin  gradually  separates  in  small  granules.  The 
ether,  however,  contains  considerable  of  the  lecithin.     The  ether  is 

•Zeitachr,  f.  pliysiol   Chem.,  Bd.  12. 
•  Hoppe  Sevier's  Med.-chom.  Uatersach. 
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distilled  off  and  the  reaidae  dissolved  in  chloroform  nnd  t)ic  lecitliiii 
precipitated  from  tim  solotiou  by  meuiis  of  aootoii  (Ai.tuann  '). 

Aooording  to  Gii>iON,  a  new  iiortioii  of  leuithiri  iniiy  be  obtained 
from  tlie  ether  used  in  extmcting  the  yolk  I>y  dissolviug  the  residue 
after  the  eraporntioii  of  tlie  etber  In  petroleimi  etber  and  then 
shukiug  tliis  dilution  wiih  alcohol.  The  {letrolunni  eLhur  takes  the 
fat,  while  the  lecitiuii  remains  dissolved  in  the  alcohol  and  may  he 
obtained  therefrom  rather  easily  by  using  the  proper  jirecnutiouB. 

The  det4x:tion  and  the  quantitative  (ABtimaiion  of  lecithin  in 
ol  fluids  or  tissties  ia  based  on  tlvo  tioltibility  of  the  lecithin  (at 

;o"  C.)  in  alcohol -ether,  by  which  the  pltosphoric  arid  or 
glycerophoHpheric  acid  iuiIca  which  may  he  pretteiit  »t  th«  totnie  time 
are  not  diwolved.  The  alcoliol -ether  extract  is  oviijjoniled,  the 
reaidnu  dried  ami  fuwil  with  itodit  ucul  saltpetre.  J'hoKphoric  acid  ' 
ia  formed  from  the  lecithin,  mid  It  can  he  n^(Ml  iu  tlie  dcteiUion  and 
onantitative  estimation.  Tlio  ilifitearyllccithiii  yieldK  S.THSjt  1\0^. 
Tbia  method  iti,  howerer,  not  exactly  correct,  for  it  is  posaiblc  thiit 
other  phosphorixed  organic  oocuhirmtiutm,  turh  as  jecorJii  («ee 
Chapter  VUl)  and  protagon  fCliapter  XII)  may  hare  passed  into 
(he  alcohol-ether  extract.  Tlio  ret^idno  of  the  evaporated  alcohol- 
ether  extract  may  be  Iwiled  for  an  liour  with  Imryta-w liter,  filtered, 
the  QioesB  of  barium  procipitBt>«l  with  CO,,  and  filtcrc'd  while  hot. 
The  filtrate  Ia  concentmted  to  ii  Hinipy  ponsifitency,  extrar^ted  with 
absolnte  alcohol,  and  t)ie  filtrate  precipitati'd  with  an  alcoholic 
solution  of  piittitiuu)  chloride.  The  precipitate  after  filtration  may 
be  diaaolvod  in  water  and  allowod  to  cryBtalliiHi  over  snipharic  acid. 

iVo/rtjOfW,  which  are  (onml  in  the  leucocytes  and  pns  celU,  are 
also  to  be  considered  an  a  conRtitnent  of  prntoplaAm.  These  phoa- 
phorized  bodies  occar  principally  in  the  brain  and  nervefliLiid  hence 
will  be  described  iu  a  following  ehspter. 

Glycfifjen,  discoTered  by  Cl.  Uernaud  and  IIknsin,  is  found 
in  developing  animal  celU  and  C8|>ccially  in  developed  embryonic 
tissues.  Aocordijig  to  Hoppk-Seyler  it  aeems  to  be  a  never-failing 
constituent  of  the  cells,  which  show  amuDhoidal  movement,  and  be 
fonud  this  carbohydmte  iu  the  lencocytes,  but  not  in  the  developed 
motionless  pus-corpu^les. 

Salomon  and  afterwards  others  have,  however,  found  glycogen 
in  pns.'  From  the  relationship  which  seems  to  exist  between  glyco- 
gen and  muscular  work  (see  Chapter  XI),  it  is  presumable  that  a 
consumption  of  glycogen  takes  place  in  the  movement  of  auinisl  pro- 
toplasnu  On  the  other  liand,  the  extensive  occurrence  of  glycogen 
in  BDibryooic  tissues,  as  also  its  occurrence  in  puthological  tumors 


*Cil«d  (rum  Hoppe-Se;ler'd  Hsndbucb.  nlc,  S   Atifl.,  8  84. 
*Ia  rc^rd  to  the  Utarsiuru  on  gLycogea  mo  Chap.  VIII. 
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and  Id  abundant  cell-formation,  speaks  for  the  importiuice  of  this 
body  in  the  formation  and  deyelopment  of  the  cell. 

In  adnlt  animals  glycogen  occnre  in  the  muaclea  and  certain 
other  organs,  but  principally  in  the  liver;  therefore  it  will  be  com- 
pletely described  in  connection  with  this  organ  (Chapter  VIII). 
Glycogen  has  been  directly  detected  as  a  constitnent  of  the  proto- 
plasm of  various  cells. 

Another  body,  or  perhaps  more  correctly  a  group  of  bodies 
which  occnr  widely  distribnted  in  tlie  animal  and  vegetable  king- 
doms, and  which  occur  regularly  in  the  cells,  are  the  cholesterins. 
The  best-known  representative  of  this  group  ia  ordinary  cholestertn^' 
which  is  the  chief  constituent  of  certain  biliary  calculi  and  exists  in 
abundant  quantities  in  the  brain  and  nerves.  It  is  hardly  admissi- 
ble that  this  body  is  of  direct  importance  for  the  life  and  develop- 
ment of  the  cell.  It  must  be  considered  that  the  chotesterin,  as 
accepted  by  HorpE-SKvi.Kii.'  is  a  cleavage  product  appearing  in  the 
cell  daring  the  processes  of  life.  According  to  IIoppe-Seylbb  the 
same  is  true  for  the  fat?,  wliich  do  not  occnr  constantly  in  the  cells 
and  have  nothing  to  do  in  the  ordinary  processes  of  life.  There  is 
no  doubt  that  chotesterin  exists  as  a  constituent  of  the  protoplasm, 
hut  its  e.vistence  in  the  nucleus  is  ({uestionable. 

The  cell  naclens  has  a  rather  complex  structure.  It  consists  in 
part  of  a  initoplmm,  which  consists  of  fibriles  which  form  a  net- 
work, and  another  part,  which  is  less  solid  and  homogeneous, 
called  the  hyaloplasm.  The  mitoplasni  differs  from  the  hyaloplasm 
in  a  stronger  affinity  for  many  dyes.  On  account  of  this  behavior 
the  first  is  called  the  chromatic  substance  or  chromatin,  and  the 
otlier  the  achromatic  substance  or  achromatih. 

The  Iiyaloplasm  of  the  nucleus  is  considered  as  a  mixture  of 
proteids.  Tlie  mitoplasni  seems  to  contain  the  more  specific  con- 
stituent of  the  nucleus,  namely,  the  nuclein  substances.  Besides 
thid  it  is  alleged  to  also  contiiiii  another  substance,  plastin.  This 
hist  is  less  sohiblo  tlian  the  nuclein  substances  and  does  not  have 
the  property,  like  them,  of  fixing  dyes. 

Tlie  chief  constituents  of  the  cell  nucleus  are  the  nucleins,  the 
7iudeoprofeiih,  and  in  a  few  case^  nucleic  acid. 

Kucleins.  Hy  the  name  nuclein  Hoppe-Setler  and  MiE- 
8CHER*    designated  the  chief  constitnent  of  the  nnclens  of  the 

I  See  (hail.  VIII. 

iPliysiol.  Cliem..  S.  81. 

*  Hoppe-Seyler,  Mfld.-chem.  U&toraoch. ,  B.  458. 
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piu  oelt  first  isolated  by  them.  Since  it  has  been  xhawti  by 
repeated  research  Hint  Himilnr  bodies  occur  extensively  iti  the  atitmal 
stid  2>luiit  kingdoms,  i»pociBlly  in  organs  rich  in  cclle,  we  have  Tor 
some  time  desi^atcd  as  nnclotns  a  nnmber  of  phosphorized  bodies 
which  are  in  part  derived  as  dcarage  producta  from  the  nncleo- 
Blbumina  and  in  part  fonn  the  chief  constituent  of  the  cell  nnclens. 

According  to  liui'i'B-SHYLBit,  tbeae  bodies  may  be  di%*tded  into 
three  gronps.  The  first,  to  vliich  boloME^  the  nuctotn  of  yeust,  pns, 
nncleated  red  blood -oorpuscles,  ami  probably  of  the  cell  nuclens  iii 
general,  yiehl  as  splitting  prmlucta,  ou  boiling  with  acids,  pro- 
teid  bodies,  xantbln  baoes,  and  pbosphorin  arid.  To  the  second 
group,  which  yield  as  splitting  prodacts  proteid  and  phosphorio 
acid,  belongs  the  nnclein  of  the  yolk  of  the  egg  and  casein — in 
other  words,  the  nncleo-olbumins  in  general;  and  to  the  third 
group,  which  giree  a«  uplitting  products  only  phosphoric  acid 
and  xantbin  bases,  belongs  only  the  nnclein  of  the  sponn  of  th) 
salmon. 

Thosse  nnclein  schstances  which  dn  not  yieli'  nnclein  bases  ou 
splitting — ench,  forinstance,  as  nuclein  from  casein  and  Titeilin — aiw 
to  be  separated  from  the  others.  Kossicr. '  has  suggested  the  name 
paranuclexn  for  tbe«e  nuclein  gubHtanceti.  .\s  the  imrauuoloios 
amongst  themselves  are  rerr  different  and  hare  only  an  nppureut 
siinilartty  to  the  true  nncleins,  the  author*  has  proposed  the  uam« 
psettdo/iucleinn  for  tliein. 

The  nnclein  of  spermatozoa,  which  does  not  yield  any  proteid 
ou  splitting,  shows  a  great  similarity  to  the  substance  obtained  hy 
AUMa>'N  from  the  nncleins  of  noPPE-tJKVLER's  tirst  group  by  the 
action  of  alkalies.  This  subtitance  was  called  nuvltic  acid  by 
Altmans  '  and  Kospel.'  and  heuco  this  nnclein  will  be  called 
nucleic  acid  iu  the  future. 

The  nnclein  of  the  first  group  is,  according  to  Kos»ci.,  troo 
naciein  or  simply  nttdfin.  Tliis  nuclein,  which  gires  phosphoric 
acid  as  well  aa  proteid  and  xunthin  bases  en  splitting  with  acids,  ia 
oousidered  by  KogsEL  aa  a  combination  between  proteid  and  nucloio 
acid. 

pMadoQQcleiiis  or  I'iranttcleins.    These  bodies  are  obtained 

>  »a  Roi»-R«ru>OBd'«  Ar«li..  1B9L 
*S^ii«clir.  f.  ptiyeiol   Clieui..  Bd.  18. 
«Du  Bol«-R*ymotid'»  Apcli.,  I88d. 
*Ibui..  18B1. 
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as  ao  insoluble  residue  on  the  digestion  of  nucleoalbninins  or 
phosphogljcoproteids  with  pepsin  hydrochloric  acid.  Attention  is 
called  to  the  fact  tliat  the  pseudonuclein  may  be  dissolved  by  the 
presence  of  too  much  acid  or  by  a  too  energetic  peptic  digestion. 
Pseiidonucleins  contain  phoBphoms,  which,  as  shown  by  Libbeh- 
M.vNS,'  ia  split  off  as  metaphosphoric  acid  by  mineral  acida.  The 
pseiidonucleins  are  very  diasimilar.  One  group  of  these,  whose 
nioiit  important  representative  is  the  long-known  pseudonuclein 
from  casein,  yields  no  reducing  enbatance  on  boiling  with  mineral 
acids,  while  the  other  group,  to  whlcli  the  i»eudonuclein  from 
ichthulin  belongs,  does  yield  such  a  substance. 

The  pseudonucleins  are  amorphous  bodies  insoluble  in  water, 
alcohol,  and  ether,  but  readily  soluble  in  dilute  alkalies.  They  are 
not  soluble  in  very  dilute  acids,  and  may  be  precipitated  from  their 
solution  in  dilute  alkalies  by  adding  acid.  They  give  the  proteid 
reactions  very  strongly. 

In  preparing  a  pseudonuclein,  dissolve  the  mother-substance  in 
hydrochloric  acid  of  1-2  p.  m.,  filter  if  necessary,  and  add  pepsin 
solution,  and  allow  to  stand  at  the  bodily  temperature  for  about  24 
hours.  The  precipitate  is  filtered  off,  washed  with  water,  and 
purified  by  alternately  dissolving  in  very  faintly  alkaline  water  and 
reprecipitating  with  acid. 

Kucleins  or  True  Nucleins.  These  bodies  are  obtained  as  an 
insoluble  or  diflicultly  soluble  residue  on  the  digestion  of  micleo- 
proteids  with  pepsin  hydrochloric  acid.  They  are  rich  in  phos- 
phorus, about  5^  and  above,  and  according  to  Libberhann* 
metaphosphoric  may  also  he  split  off  from  the  true  nncleins  (yeaat 
nncleui).  The  niicleius  are  decomposed  into  proteid  and  nncleic 
acid  by  caustic  alkali,  and  us  dittereut  nucleic  acids  exist,  so  there 
also  exist  different  nncleins.  Certain  nucleins,  such  as  yeast 
nuclein  and  that  isolated  by  the  author'  from  the  pancreas  and 
mammary  gland,  give  a  reducing  carbohydrate  on  boiling  with 
dilute  acids,  while  other  uucteins,  like  that  from  the  thymns  gland, 
does  not.  All  7iuc1eins  yield  xanthin  bases  or  nuclein  bases, 
80  called  by  Kosijel,  on  boiling  with  dilute  acids.  The  nncleinB 
contain  iron  to  a  considerable  extent.  They  act  like  rather  atrong 
acids. 

*Ber.  d.  deatsch.  cbem.  tiesellBCli,,  Bd,  21,  uid  Ceatnlbl.  f.  d.  Died. 
WisseiiBcb..  Bd.  37. 

'Pflilger'a  Arch..  Bd.  47. 
>Zeit6cbr.  f.  pbjrslol  Chun.,  Bd.  19. 
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The  nucleius  are  colorlosa,  lunorphons,  inaoluble,  or  only  aligliUjr 
soloblo  in  wuter.  TliO}'  arc  insoliiblo  ia  alcohol  uiul  ether.  They 
are  nioro  or  lees  readil}'  die«olrod  by  dilute  alkaiicg.  Pujiiuii  hydro- 
chloric  acid  nr  dilate  minora]  acids  do  not  disBolve  Uiem,  or  only  to 
a  alight  oxteot.  Tho  nncloina  giro  the  binrot  test  and  Millo:4*8 
reaction.  Thej  show  a  grout  nl^nity  for  many  dyea,  espt'RJHlly  the 
basic  onQ8,  and  take  these  up  with  avidity  from  watery  or  alcoholio 
solutions.  On  burning  thoy  yield  an  add  coku  contaiTiiitj;  iiieta- 
phoBpborio  acid  and  which  i^  very  difficult  to  consume.  On  fiinion 
with  saltpetre  and  soda  tho  nticloinB  yield  alkali  phnephatee. 
According  to  Libuekuann  '  the  uualeing  are  combinations  of  pro> 
teids  with  metaphospboric  mixe^l  with  xanthin  boscB. 

To  prepare  Qiicleina  from  oelU  or  tiMUM,  first  remove  the  chief 
mass  of  proteidfi  by  artilieial  digestion  with  jiejiBin  Kyilrouhluric 
acid,  liziviate  the  residue  with  very  dilute  aintnutiiu.,  filter,  and 
precipitate  with  hydrocliloric  acid.  Tho  precipitiitc  iw  further 
digested  with  gastric  juice,  washed  and  purified  by  alternately  dis- 
solving in  very  fitiutly  alkaline  water,  and  rcprectpitatJug  witli  an 
acid,  washing  with  water,  and  treutiug  with  alcohol-ether.  A 
noclein  may  be  prepared  more  simply  by  the  digostiou  of  a  iincleo- 
proteid.  In  the  detection  of  nu{^leiim  we  make  use  of  the  ahovo- 
dencribed  method  und  te:4ting  for  phosphornii  in  the  product  aft«r 
fusing  with  saltpetre  and  soda.  Naturally  the  phot<pliate8,  lecithinit 
(and  jecoriu)  mubt  Unit  be  removed  by  trt«atmeut  with  ucid,  aieoliul, 
and  other,  n^pectively.  We  tnust  Hpecially  cult  attention  to  the 
fact,  a8  aiiown  by  Lif.hkumann,'  of  the  very  great  dillieiilty  in 
remOTing  lecithiu  by  meaiiH  of  jilooliol-other.  No  exatit  methodR 
are  known  for  the  qnontitatire  estiDiation  of  nuoleina  in  organs  or 
tiwaea. 

Vacleic  Acida.  Ko.ssEi.  difTerontiatofl  between  the  varioiiR 
anAlaic  acid;^  by  the  docom position  products.  All  yield  niidein 
tinias  cleavage  products,  but  the  nucleic  acid  from  bnti  isperma- 
tOKOa  yields  chiefly  xanthin,  while  that  from  the  calf's  thymus  yieldd 
only  adenin.  According  to  Kus^el*  it  ia  probable  that  there  exist 
four  nnfleic  acida,  one  for  each  nuclein  base,  namely,  an  adenylic,  a 
gaanylic  acid,  etc.  The  nucleic  acids  thus  far  iuvestigatecl,  with 
the  exception  of  adenylic  acid  Uom  the  calf's  thymus,  were  only 
mixtures  of  noveral  nucleic  acida.  Another  circumstance  which 
makw  the  acceptance  of  many  nucloio  acida  necessary  is  tliat  certain 

'Cralnlbl.  f.  d.  mnl.  WisMntcli.,  Bd.  37. 

»PflOg*r*it  Arcli.,  Bd.  ^4. 

*B-T.  A.  cb^uUKlL.  ctiifai.  G(well>cb.,  Bd.  3ft.  S.  27S3. 
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of  the  nncleic  acids,  sncli  as  those  from  yeast,  pancreas,  and  the 
niummary  glands,  give  redacing  carbohydrates  or  carbohydrate 
gronps,  while  the  others,  snch  as  the  nncleic  acid  from  the  calf's 
thymus,  salmon,  and  carp  sperm,  do  not.  In  the  far-reaching 
splitting  of  adenylic  acid  with  sulphuric  acid  Kossel  and  Neu- 
HANN  '  obtained  levnlinic  acid. 

A  general  formula  for  the  nucleic  acids  cannot  be  given,  and  the 
composition  of  the  different  nucleic  acids  analyzed  is  naturally  very 
different.  The  nncleic  acids  do  not  contain  any  snlphnr,  bat  do 
contain  nitrogen  and  phosphorus  in  the  relation  of  3  :  1,  according 
to  Kossel.'  The  quantity  of  phoaphorns  is  large.  In  the  nncleic 
acid,  with  the  formula  ('t,lI„N,P,0„,  obtained  by  Mieschbb* 
from  salmon  sperm,  the  quantity  of  phosphorus  was  over  9^. 

Kos^EL*  assumes  tliat  the  nucleic  acid  contains  a  nucleua  vrbicb  consists  of 
pUosphorna  atoms  combined  similar  tu  polymetaphosphoric  acids.  According 
to  IjIEBERUann*  the  nucleic  acids  contain  metaphosphoric  actd,  probably  the 
moDO-acid,  and  be  has  also,  as  above  utated,  split  off  metaphoaphoric  acid  from 
nuclein.  Other  acids  rich  in  phosphorus  are  fonned  by  the  action  of  alkali  or 
boiling  water  on  nucleic  acids.  Fn>m  adenylic  acid  and  later  from  other  nuclsic 
acids  KoBsEi,  and  Neumann  *  have  prepared  an  acid  called  bv  them  thyminte 
acid,  which  on  boiling  with  sulphuric  acid  riWds  a  crystalline  sabstance, 
thymin,  having  tbe  formula  CtUtN,Ui.^  Prom  the  tbymin  they  obtained 
a  new  cleavage  product,  a  base  called  eytonin,  with  tile  probable  formula 
C,.H..N,.(). +  511,0. 

The  nucleic  acids  are  amorphous,  white,  and  of  a  strongly  acid 
reaction.  They  are  readily  soluble  in  ammoniacal  or  alkaline 
water.  They  are  not  precipitated  from  these  solutions  by  an  excess 
of  iicetic  acid,  but  are  precipitated  by  a  slight  excess  of  hydrochloric 
acid,  especially  iu  the  presence  of  alcohol.  They  are  insoluble  in 
alcohol  and  ether.  The  nucleic  acids  give  precipitates  with  pro- 
teids  which  have  been  considered  as  nucleins.  The  question 
whether  these  precipitates  are  real  nucleins  has  not  been  settled. 

Nucleic  acid  may  be  best  prepared,  according  to  Altmann,* 
from  ye;ist.     Each  1000  c.c.  of  yeaat  is  treated  with  3250  c.c.  dilute 

iSitzunpsber.  d.  Berl.  Akad.  d.  Wisadnsjcb..  Bd.  18,  1894. 

'  llu  iJois-Heymond's  Arch.,  1808. 

»L.  c. 

*L.  <:.\  see  also  CeiitriUbl.  f,  d.  med.  Wissenscb.,  1893,  S.  497. 

*  Pflttger'a  Arch..  Bd,  47,  and  Centralbl.  f.  d.  med.  Wissensch.,  18W,  S.  4M 
and  737. 

*  Ber.  d.  deutsch.  cbem.  Uesell.sch.,  B<i.  26,  and  Sitzungsber.  der  Berl.  Akad., 
I.e. 

'  Du  Bois-Reymond'a  Arch..  1894,  Physiol.  Abth. 
'  Ibid.,  1889,  Pbywol.  Abth.,  S.  624. 
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caiiatic  eoUa  of  uhotit  ^%  for  Hvo  mintitoj)  lit  the  tempenitiire  of  the 
Tocttn.  The  chief  portion  of  tlie  »oiIiiim  hydrate  is  tlieii  neiilmlizod 
with  hydrochloric  ai;ii),  nad  then  acetiu  »ciii  added  in  excess.  The 
liquid  sepanitod  from  the  preoipituted  protcidg  is  acidified  with 
hydrochloric  ucid  until  It  tuntuias  'A-Ti  p.  m.  IICI,  and  tlmii  iiiixod 
with  iiu  eqiml  vuliiine  of  iilcohol  of  tho  tmrne  ucidiiy.  Tinpnnj 
nucleic  noid  sepuratea  one  nnti  may  he  purified  by  diMoMiig  iu 
smmoniacal  water  and  repfAtcdly  treating,  aa  above,  with  acetic 
acid,  bydrochtoric  acid,  and  alcohol. 

Plistla. — On  the  solntion  of  the  nueleios  from  c«U  nuc1«l  of  cenain  plonlt 
ia  <liluu>  soda  Bolmion  a  residue  is  obuittod  wliicb  is  rhBr«ct«rliw<l  by  Its  fcnat 
iDw.'Inbilili'.  Tliia  huL«t«nc«,  of  wLJch  l\te  a|H>Dgii.ipl&«ia  of  tljc  bud/ ut  tba 
ell  And  tli«  nnclc'iB  praniilrat  nrp  nnpgvct  tn  be  --oniiiosiil.  Ik  cnnslderod  u  a 
miclviD  inodificaiimi  of  igrvaX  iiUKrlubiUtj,  nllhougli  iU  natun)  is  uul  knuwo. 

Kncleopreteidi  with  relatively  liigh  percontago  of  phoBphoms 
and  of  a  niiirkedly  acid  character  occnr  in  cell  nuclei.  Like  the 
nncleinn  they  are  altm  combinations  of  proteid  with  nticleie  acid. 
Thi'y  are,  however,  richer  in  proteid  than  the  nncleins,  and  differ 
from  them  in  that  their  nentral  itnlntionR  de^ompnite  with  the 
splitting  off  of  eoagnlated  proteiil  on  boiling,  and  also  in  that  they 
yield  nucleinson  their  peptic  digestion.  Among  the  nncleoproteida 
the  matt  carefnlly  fitiuliod  is  micleohiston. 

HacleohiBton  ia  the  name  giren  by  Ro!^^f.l  and  TjiUEWPRi.n '  to 
Ute  iiucleoproteid  isolated  by  them  from  the  calf's  thymus.  Its 
oonipoBition  is:  C  +8.4C;  IT  T.ot);  N  Kf.SO;  P.  :i.(i'i6;  S  0.701; 
0  *i3.!>d)(.  On  heating  its  iiolutioD  it  splita  into  coagulated  proteid. 
On  peptic  digestion  it  yields  nnclein.  On  treating  vrith  hydro- 
chlorio  acid  of  O.Sjt  it  splita  into  nueloin  and  a  ])rotcid  ttubatance 
golnble  in  hydrochloric  acid,  and  which  ditfera  from  other  proteida 
in  lieiiig  inaolubte  in  an  excesB  of  ammonia.  Ro^sgl  has  called 
this  substance  hhton. 

Nuoleohiston  is  precipitat«cl  from  a  neutral  solntion  by  means 
of  acetic  acid,  and  is  not  rediasolvetl  by  an  excess  of  acetic  acid. 
The  neutral  solntion  is  precipitateit  by  alcohol,  but  not  on  saturating 
with  MgSO,.  NncloohiBton  is  easily  dissoked  in  dilute  alkalies  or 
alkali  carbonates.  It  is  soluble  tn  glacial  acetic  acid,  hydrochloric 
and  sulphuric  acids.  The  relationship  of  tho  nacleins  and  histon 
to  tba  ooagnlation  of  the  blood  will  bo  spoken  of  in  Chapter  YI. 

NncIeohistoD  is  prepared  by  precipitating  the  filtered  waters- 
extract  of  the  gland,  free  from  cellular  elementa.  with  acetic  acid, 
and  purifying  l>y  repeated  eolotiou  m  water  ijlightly  alkaline  with 

Zvitscltr.  f.  plirsiol.  Chom.,  B.I.  Itj, 
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soda  and  precipitating  with  acetic  acid.  Finally  it  is  washed  with 
water  containing  acetic  acid  and  then  with  alcohol,  then  extracted 
with  cold  and  hot  absolate  alcohol  and  lastly  with  ether. 

Tlie  compound  proteids '  described  \>y  other  investigatorB  under  tbe  nunes 
Hague  fibrinogen  and  ceil  fibrinogen  are  to  be  considered  as  impure  nucleohistoa 
or  bodies  very  closely  related  ttereto.  Tlie  cytoglobin  and  pregMnUin  described 
by  Alex.  Scumidt*  as  imporUnt  cell  constituenttt  ilao  belong  to  the  same 
group  as  the  aucleohiston.  Cytoglobin  is  to  be  considered  ae  the  alkali  combi- 
nation of  preglobulin.  The  residue  remaining  on  the  complete  exhaustion  of 
the  cells  with  alcohol,  water,  and  common-salt  solution  is  called e^tin  by  at.kt 
ScDMiDT.  The  relationship  of  these  bodies  to  the  coagulation  of  blood  will  be 
spoken  of  in  Chapter  VI. 

Among  the  decomposition  products  of  nnclein  sabstanceB  the 
xanthin  bases  are  of  especially  great  interest. 

Xanthin  Baaea.    With  this  name  we  designate  a  gronp  of  bodies 

consisting  of  carbon,  hydrogen,  nitrogen,  and  in  most  cases  also  of 

oxygen,  which,  by  their  composition,  show  a  relationship  not  only 

among  themselves,   bat  also  with   uric  acid.     These   bodies  are 

xanthin,  hypoxanthin,  episarkin,  gnanin,  adeniti,  fteterozanthin, 

paraxanthin,  and  carnin.     The  bodies  TnEOBROMiN   and  theo- 

PHTLLiN  {both  dimethylxanthin)  and  caffein  (trimethylxanthin) 

occurring:  in  the  vegetable  kingdom  also  belong  to  this  gronp. 

The  composition  of  these  bodies  occurring  in  the  aninaal  body  is  as  follows  ; 

Uric  acid C,H,N,0, 

Xanthin C>H,X,Oi 

Hctenixantliin  (methyl xanthin) CgII|N,0| 

Piirasaiithin  (dimethvlianlhin) CH.N.O, 

Guanin ." C»1I|N,0 

IIvi)"xantliin C|11,N,0 

Adeniii C,HsN, 

Episarkin C.II.N.O  (t) 

Carnin C,1I,N,0, 

After  Sai-omox  '  had  shown  the  occurrence  of  xanthin  bases 
in  young  cells  the  importance  of  the  xanthin  bases  as  decomposition 
products  of  cell  nuclei  and  of  nacleiiis  w:i8  shown  by  the  pioneering 
researches  of  Kossel,  wlio  discovered  adenin  and  theophyllin.  In 
those  tissues  in  which,  as  in  the  glands,  the  cells  have  kept  their 
original  state  the  xanthin  bases  are  not  found  free,  but  in  combi- 
uatiou  with  other  atomic  groups  (nncleins).  In  such  tissue,  on  the 
contrary,  as  in  muscles,  wliich  are  poor  in  cell  nuclei,  the  xanthin 
bases  are  fonnd  in  the  free  state.  As  the  xanthin  bases,  as  sug- 
gested by  KossEL,  stand  in  close  relationship  to  the  cell  nncleoa,  it 

'Seep.  91. 

*  Zur  Blutlehre. 

*  SitzuDgsber.  d.  Bot.  Vereina  der  Proviiu  Brandenbarg,  1880. 
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T«  eftsy  to  nnderetand  why  ilie  qanntity  of  tftese  bo'lies  w  so  ^reiitlv 
increased  whoD  largo  quantities  of  imclcntcd  ''.ctU  a|>[>(>ur  in  9Mch 
plaoGB  H  vcK  before  relatively  poorly  endowed.  Ab  an  oxamplft  of 
thU  we  hftTc  in  loucfPinia  bIoo<3  extremely  rich  in  leucocytes.  In 
Buch  blood  Ro^skl'  fonnd  1.04  p.  u.  xanthin  bases,  ngainat  only 
traces  in  the  normal  blood.  That  the  xouthiri  basea  are  also  inter- 
mediato  8tcp€  in  the  formu-tion  of  uroa  or  uric  acid  in  the  animal 
organism,  '\a  probable,  ond  will  be  shown  later  (see  Choptcr  XV). 

Only  ft  few  of  the  nmthiti  bases  have  boon  foand  in  the  arino 
or  in  the  mtieclcs.  Only  foitr  xnntblu  bose^i^xanthin,  ^lanin, 
hrpoianthin,  and  ndenin,— have  been  obtained,  thus  far,  as  clenv- 
agii  prtMlncU  of  iiucletns.  In  regard  to  the  other  xanthin  bases  ve 
refer  the  rwuler  to  their  respective  chapters.  Only  ttie  above  four 
bodies,  the  renl  nnclein  hoMB,  will  be  treated  of  at  this  time. 

Of  these  lonr  bodies  the  xanthin  and  gaanin  form  one  special 
^ronp,  and  hypoianthin  and  a<lenin  another.  By  the  action  of 
nitrons  acid  guanin  is  converted  into  xanthin  and  adenin  into 
hrpoianthin. 

C,U,N,O.NU  +  UNO,  =  OJI.N.O,  +  N,+  U,0; 

C.U.N..NH  +  HNO.  =  O.H.N .0  -|-  N.  +  U,0, 

Ity  potrefaction  gnanin  is  converted  into  xanthin  and  adenia 
into  hypoxautbin.  Ou  cleavage  with  byJroclilono  acid  all  four  of 
the  bodioH  are  converted  into  arnmnuia,  glyuocoll,  carbon  dioxide, 
and  formic  acid.  Uric  acid  yield:),  under  the  same  conditions, 
ammonia  and  carbon  dioxide,  and  uIho  glycouoll.  Ou  oxidation  with 
bydrochloric  acid  and  potassium  clilorate  xanthin,  bromadeniu,  and 
bromhyjioxanthiii  yield  alloxan  and  nrca;  gnanin  yields  guanidin, 
parabanic  a<Md  (an  oxidation  proiluct  of  alloxan),  and  carbon 
dioxide.  Uric  acid  in  acid  aohition  is  oxiiliited  into  uroii^  alloxan 
and  then  further  into  parabanio  acid.  Tim  close  relationship 
of  these  bases  to  each  other  and  to  aric  acid  is  appai-ont. 
Xanthin  has  been  prepared  synthetically  by  Oautikr'  by  heating 
hydrocyanic  acid  with  water  and  acetic  acid. 

Tiie  nuclein  bases  form  crystalline  salts  with  mineral  acids, 
which  VB  decomposed,  by  water  with  the  exception  of  the  udeuia 


'  Z«it»cbr.  r.  phrsioL  Cbem..  Bd.  7,  S.  39. 
■Compt.  read.,  r^oie  99.  p.  lOSS. 
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salts.  They  are  easily  diBsolved  by  alkalies,  while  with  ammonia 
their  action  is  somewhat  different.  They  are  all  precipitated  from 
acid  solntion  by  phospIiotangBtic  acid,  also  they  separate  as  a  silver 
combination  on  the  addition  of  ammonia  and  ammoniacal  silrer- 
nitrate  solation.  The^e  precipitates  are  solable  in  boiling  nitric 
acid  of  1.1  sp.  gr.  All  xanthin  bases  with  the  exception  of  caffein 
and  theobromin  are  precipitated  by  Feiiliso's  solation  (see  Chap. 
XV)  in  the  presence  of  a  reducing  substance  such  as  hydroxylamin 
(Drechsel  and  Balke').  Copper  sulphate  and  sodium  bisulphite 
may  also  be  nsed  to  advantage  in  their  precipitation  (Kbugbb'). 
This  behavior  of  the  xanthin  bases  is  made  use  of  in  their  precipita- 
tion and  preparation. 

Xanthin,  C.U.N.O,  =  qq  jjji  (.  .^     >C0  (K.  Fischbr'),  is 

found  in  the  mnsclss,  liver,  spleen,  pancreas,  kidneys,  testicles, 
carp-sperm,  thymus,  and  brain.  It  occurs  in  small  quantities  as  a 
physiological  constituent  of  urine,  and  it  has  been  found  rarely  as  a 
urinary  sediment  or  calcnlns.  It  was  first  observed  in  such  a  stone 
by  MarC'ET.  Xauthin  is  found  in  larger  amounts  in  a  few  varieties 
of  guano  (Jarvis  guano). 

Xauthin  is  amorphous,  or  forms  granular  masses  of  crystals. 
It  is  very  slightly  soluble  in  water,  in  14,151-14,600  parts  at 
+  16°  C,  and  in  1300-1500  parts  at  100"  C.  (Almen*).  It  is  in- 
soluble in  alcohol  or  ether,  but  is  dissolved  by  alkalies  or  acids. 
With  hydrochloric  acid  it  gives  a  crystalline,  difficultly  soluble  com- 
bination. With  very  little  caustic  soda  it  gives  a  readily  crystal- 
lizabie  combination,  which  is  easily  dissolved  by  an  excess  of  alkali. 
Xaiitliin  dissolved  in  ammonia  gives  with  silver  nitrate  an  insolu- 
ble, gelatinous  precipitate  of  xanthin  silver.  This  precipitate  is 
dissolved  by  nitric  iicid,  and  by  this  means  an  easily  soluble  crystal- 
line double  combination  is  formed.  A  watery  xanthin  solution  is 
precipitated  on  boiling  with  copper  acetate.  At  ordinary  tempera- 
tares  xanthin  is  precipitated  by  mercuric  chloride  and  by  ammoni- 
acal  basic  lead  acetate.  It  is  not  precipitated  with  basic  lead 
acetate  alone. 

When  evaporated  to  uryness  in  a  porcelain  dish  with  nitric  acid 

'Zar  EeDntniBB  der  XaDthiokOrper.     Inaag,  Diss.     Leipzig,  1898. 
•ZeitBclir.  t.  phyaiol.  Chem..  Bd.  18.  j 

•AhqkI.  d.  Chem.,  Bd.  215.  .      - 

*Joam.  f.  prakt.  Ctiem..  Bd.  ML 
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xftuthin  gives  a  yellov  reflidne,  which  tarnit,  on  the  addition  of 

caustic  lutda,  firat  red,  and,  nfter  hoiiting,  purple-rod.     If  wo  add 

aome  chloride  of  Itme  to  Mme  cauittic  aodu  in  n  {wrcolaia  diih  and 

add  the  xanthin  to  thia  mixtare,  at  first  a  dark  green  and  then 

quickly  a  brownish  halo  forms  iironud  the  xantlun  grainii  and  then 

di«appean  (UnpPT:-Si:Tt.F.R).     If  xuntliiu  be  warmed  in  a  «niall 

v«Hel  on  the  vater-hatli  with  oh tortne- water  and  a  troco  of  nitric 

acid  and  ev»]iomte<l  to  drynew,  wIihd  the  residue  ifl  exposed  under 

a  bell-jar  to  the  va|K>ra  of  ammonia  a  red  or  purple-violet  color  ia 

produced  (Weidel's  reaction). 

«       •      ^ «  V  «  NII.cn  :  C.NH     ^^  ,,       •        . 

Ouuun,  C.H.N, 0  =  ,.,,    /.  ....  ,,    „>C0.         auonm     la 

found  in  orgaos  rich  in  cells,  such  ad  the  lirer,  apJeeo,  pancreag, 
testicles,  »ud  in  wilnioii-Bperui.  It  is  further  found  in  the  muscles 
(in  very  small  amountx),  in  the  scales  and  in  the  air-bladder  of 
certain  fisUe«  as  iridescent  crystals  of  gnanin  lime;  in  the  retina 
^nthtlium  of  fishes,  in  guano,  and  iu  th^a  excrement  of  spiders  it  is 
found  as  chief  constituent.  It  also  occnrs  in  bumau  and  ptg  nrine. 
Under  pathological  conditiouri  ii  has  b«eu  found  in  leucwmic  blood, 
and  in  the  muscles,  ligaments,  and  articalatlons  of  pigs  with  guaoin 
gout. 

Goaiiia  lb  a  cotorleiBs,  ordiuarily  amorphous  powder  which  may 
be  obtained  as  small  crystals  by  allowing  its  solution  in  concentrnted 
ammonia  to  a[>oataneously  evaporate,  it  is  nearly  insolulik-  in 
water,  alcoliol,  and  ether.  It  is  oa&ily  diseolved  by  mineral  acids 
and  alkalieti,  but  it  dissoWeH  with  great  dilhc-ulty  in  aniraoniu.  Ac- 
cording to  Wllff'  UHJ  c.c.  of  cold  ammonia  solution  contiiiuiiig 
1,  3.  and  2^  MU,  dissolve  9,  15,  and  19  milligrammes  guanitt  re- 
apectively.  The  solubility  is  relatiT»ly  iiu-reusud  in  hot  ammonia 
aolnliou.  The  hydroc:ldoric-acid  Rult  rttaiiily  crVHtallizeH,  ami  tliis 
haii  been  recomuicndod  by  Kohsbl*  in  the  niicroHcnpical  detection 
of  gnanin  on  account  of  its  bt'liavior  to  polarized  tight.  Very 
dilnte  gnaDiu  solutions  are  precipitated  by  both  picric  acid  and 
metaphoflphoric  acid.  TUcgo  procipitntca  may  he  ui^d  in  the  quan> 
titative  estimation  of  guaniu.  The  silver  combination  dtssolres  with 
ditllcnlty  in  boiling  nitric  acid,  and  un  cooling  the  double  oombina- 
tJOD  ciystalUzeB  oat  readily.     G^aaniu  acts  like   xanthin  in  the 

•Zsiuebf.  U  ptirifol.  Chwa..  Bd.  17.  8.  906. 

*(Tfflier  die  ebem.  ZnaammeosclKun^  dor  Zelle,     VerhaDdl    der  pbysloL 
OaKllaeb.  su  BerllD.  1890-inH.  Noe.  6  an<l  6. 
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nitric-acid  test,  bat  giTcs  with  alkalies  on  heating  a  more  blnish- 
violet  color.  A  warm  solution  of  gaanin  hydrochloride  gives  with 
a  cold  saturated  solation  of  picric  acid  a  yellow  precipitate  consist- 
ing of  silky  needles  (Gaprakica  ').  With  a  concentrated  solation 
of  potassium  bichromate  a  guanin  solution  gives  a  crystalline, 
orange-red  precipitate,  and  with  a  concentrated  solution  of  potas- 
sium ferricyanide  a  yellowish -brown,  crystalline  precipitate  (Ca- 
Peanica), 

The  composition  of  these  and  other  gnanin  combinations  have 
been  studied  by  Kossel  and  Wulff.' 

,r  .I.-  «  n  Tt  XT  r.      NH.CH  :  C.NH       _. 

Hypoxanthin  or  Sahkin,  C,H^N,0  =  ^,„  ,  k  r<  .  ^     >  ^^  or 

«tV  %rTT  /,  ^T  >C0  (Kruger').  This  body  is  found  in  the  same 
CH.NH.C  :  N  *  '  "^ 

tissues  as  xanthin.  It  is  especially  abundant  in  the  sperm  of  the 
salmon  and  carp.  Ilypoxanthin  occurs  also  in  the  marrow  and  in 
very  small  quantities  in  normal  urine,  and,  as  it  seems,  also  in  milk. 
It  is  found  in  rather  considerable  quantities  in  the  blood  and  nrine 
in  leucaemia. 

Hypoxanthin  forms  very  small  colorless  crystalline  needles.  It 
dissolves  in  300  psirt?  cold  and  78  parts  boiling  water.  It  is  nearly 
insoluble  in  alcohol,  but  is  dissolved  by  acids  and  alkalies.  The 
combination  with  hydrochloric  acid  is  cryatalliue,  but  is  more  soluble 
tlian  the  corresponding  xanthin  combination.  This  combination  is 
easily  soluble  in  dihite  alkalies  and  ammonia.  The  silver  combina- 
tion dissolves  with  difficulty  in  boiling  nitric  acid.  On  cooling  a 
mixture  of  two  hypoxanthin  silver,  nitrate  combinations  not  having 
a  constant  composition  separates  out.  Ou  treating  this  mixture 
with  iimnioriia  and  excess  of  silver  nitrate  in  the  warmth,  a  hypo- 
xantliin  silver  combination  is  formed,  which  when  dried  at  130°  C. 
has  a  constant  composition,  y(C^lI,Ag,N,0)H,0,  ami  which  is  used 
in  the  quantitative  estimation  of  hypoxanthin.  Ilypoxanthin 
picrate  is  soluble  with  difficulty,  but  if  a  boiling-hot  solution  of  the 
same  is  treated  with  a  neutral  or  only  faintly  acid  solution  of  silver 
nitrate  the  hypoxanthin  is  nearly  quantitatively  precipitated  as  the 
compound  C,H,AgN,O.C,H,(NO,),OlI.  Ilypoxanthin  does  not 
form  any  combination  with  metaphosphoric  acid.     When  treated, 

'Zeitschr.  f,  physiol.  Chem.,  Bd.  4,  S.  288. 
*  Ibid.,  Bd.  17.  S.  468. 
■iMJ.,Bd.  18.  S.  46d. 
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like  xanUiin.  with  nitric  acid,  it  yieldi  a  ne«rLj-  colorless  resldae 
which  on  warming  with  alkali  does  not  tam  red.  Ilypoxnnthlu 
doM  not  give  Weipei/s  reaction.  After  the  action  of  hydrochloric 
acid  and  zinc  s  faypoxunthin  solution  becomes  first  mby-red  and 
then  browniKb  red  in  color  on  the  addition  of  on  excess  of  alkali 

(KOSSKL*). 

Adenin,'  C.H.N,  =     ^^  ;  jj.O  :  N  ^^  *^"*  *"" 

rii  Vn  6 '  N  ^^  (^^)'  KkPoeu,'  wa«  llrat  found  by  Kobsbl  in 

the  pancreas.  It  occnm  in  nil  nucleated  cells,  but  in  greatest 
qaantities  iti  the  spomi  of  the  carp  and  in  the  thymus.  Adenin 
has  also  been  found  in  lencfemic  urine  (Staotiiaiiex ').  It  may 
be  obtained  in  large  qoantitieK  from  tea-leavee.  Adenin  crystallizes 
with  3  tnol.  water  of  cryjitallization  in  long  needles  which  become 
opaque  gradually  in  tlie  air,  but  much  more  rapidly  when  wanneil. 
If  the  crystaU  are  warmed  slowly  with  a  c[iiantity  of  water  ingalli- 
cient  for  solution,  they  become  suddenly  cloudy  at  53"  C,  a  chanl(^- 
teristio  reaction  for  wleiiin.  It  diiMolves  in  U>)S'j  porta  cold  water, 
but  is  eaeily  solnble  in  warm.  It  is  insoluble  in  ether,  but  HOnie- 
whnt  goluble  in  hot  alcohol,  .\deuin  is  easily  soluhle  in  acids  and 
alkalies.  It  ts  more  cneily  solable  in  uinmonia  solution  than  guanin, 
bat  leea  soluble  than  hypoxanthin.  The  silver  combination  of 
adeaio  '\&  diHlcultly  soluble  in  warm  nitric  acid,  and  deposits  on  cool- 
ing as  a  crystalline  mixture  of  adenin  silTer  nitrates.  With  picric 
acid  adenin  forma  a  comjjound,  *',II,-N\.(-\H,(N''\),0II,  which  is 
very  insoluble  and  which  i>eparatt>3  mure  readily  tlmn  the  hypoxan- 
thin picrate  and  which  can  be  used  in  the  quantitative  ostimatiau 
of  ailenin.  We  alw)  have  an  lulunin  niemury  picrate.  Adenin  given 
a  precipitate  with  mctnpliuBpliDric  acid,  if  the  solution  is  not  too 
dilute,  lirhicb  diiuolTOf;  In  an  excess  of  the  acid.  Adenin  hydro- 
chloride gives  with  gold  chloride  a  double  combination  which  con- 
siatR  in  [ULft  of  leaf-shaped  aggregations  and  in  part  of  cubical  or 
prismatic  crystals,  often  with  rounded  coruera.  This  com|>ound  is 
uaed  in  the  microscopic  detection  of  odeniu.  With  the  nitric-acid 
teat  and  with  Wuiubl's  reaction  adenin  acts  in  the  same  way  as 

'ZeltMhr.  r.  phvsiol.  CLem.,  EU.  13. 
*S»e  Kuwel,  Aid..  Bad.  10  and  12. 
*IhCd.,  Bd.  18,  a  A'JSt. 
'VircltowVArcli.,  Hd.  109, 
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hvpozanthin.     The  same  ia  trac  for  its  behavior  to  hydrochloric 
acid  nnd  zinc  and  subsequent  addition  of  alkali. 

The  principle  for  the  preparation,  detection,  and  the  quantita- 
tive eetiinutiuii  of  the  four  abrtve-dct^oribed  xanthin  bodies  in  oirans 
and  tissncs  is,  according  to  Ku^skl  and  his  ptipUa,  a^  foUovs:  The 
finely  divided  organ  or  tissue  ia  boiled  for  three  or  four  honrs  vrith 
aiilphuric  acid  of  abont  S  p,  m.  The  filtered  licjnid  ia  freed  from 
proteid  by  baiiic  iuail  uc«tati%  aiid  the  uevr  tUtrate  is  treatud  with 
Bidphiiretted  hydrogen  to  remove  the  lead,  aguiri  filtered,  concen- 
tratf:d,  and,  after  adding  an  cxccstt  of  ammonia,  precipitated  with 
ammoniiu'at  silver  nitrate.  The  silver  combination  (with  the  addi- 
tion of  some  nr«i  to  prevent  nitrification)  ia  diasolved  in  not  too 
large  a  quantity  of  boiling  nitric  acid  of  i^p.  gr.  l.I,  and  this  mIo- 
tion  filtered  boiling  hot.  On  oooling  tho  xanthin  silver  roniains  ia 
the  eolntioti,  while  tbe  double  rornhiiiatinii  of  gmmin,  Iiypoxauthin, 
and  adcniu  crvBtallizca  out.  The  xanthin  silver  mav  be  precipi- 
tated from  the  filtrate  by  the  addition  of  ummnnin,  on9,  tho  lanthin 
set  free  by  means  of  sniphnretted  hydrogen.  The  three  above- 
mentioned  silver  nitrate  poinbinatious  are  decomposed  in  water  with 
ummoDium  sulphide  and  heat;  the  xilver  sulphide  is  filtered,  the 
filtrate  concentrated,  satnrnted  with  ammonia,  and  digested  ou  the 
water-bath.  The  guaniii  reiniuns  undiM4i>U'ed,  while  the  other  two 
bases  pasB  into  soUition.  A  part  of  the  guanin  is  still  retiilnod  by 
the  silver  sulphide,  and  niny  lie  lilierated  by  boiling  it  with  dilute 
hydrochloric  acid  and  then  saturating  the  hhraLe  with  ammonia. 
Whea  the  above  flltrute,  containing  the  adenin  and  hypoxanthin, 
which  haa  been,  if  nece^iirj-.  freed  from  ammonia  by  cvn[»ori»tion, 
ift  allowed  to  cool,  this  adeiiin  nepariites,  while  the  liypoxunthin 
remains  in  solution.  According  to  Balke'  we  can  to  odraiitagc 
precipitate  the  janthin  boson  with  copper  sniphate  and  hydroiyla- 
min  as  above  mentioned  and  then  f  nrtner  separate  the  bodies. 

The  prominent  points  iu  the  above  method  are  made  use  of  in 
the  (jnautitulive  estimation  of  .vuntlitu  biuses.  The  xunthiu  is 
weighed  as  xanthin  silver.  The  three  silver  nitrate  combinationB 
are  transformed  into  the  corresponding  silver  combination  by  the 
additionnf  ammonia  with  silver  nitrate  and  then  thi^  acted  on,  after 
thorough  washing,  by  ammonium  sulphide.  Otiiiiiin  \»  weighed 
as  such.  The  ummoniacul  Qltrnte  containing  the  adeniu  aud 
hyjioxanthin,  and  which  must  not  be  mixed  with  the  bydrochloric- 
auid  extract  of  the  Ailver  sulphide,  is  neutralized  and  treated  with 
a  cold  concentrated  solution  of  sodium  picrato  until  the  Bolutioo  is 
pronouncedly  yellow.  The  adenin  picrate  is  tiltered  olT  imme- 
diately, washed'  on  tlie  filter  with  water,  dried  at  above  100*  C, 
and  weighed.  The  llltrate  containing  the  hypoxuuthiu  is  gradually 
treated,  while  boiling  hot,  with  silver  nitrate,  and  when  cold  treated 
vith  silver  nitrate  tu  see  whether  preeipitation  has  Ikicu  complete. 

'Zor  KapntniBae  dcr  Xanthinkl>rp«r.     Inaug.  DIbr.     LelpiJj;,  181)8. 
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llic  hTpoxniithin  pirrnte  is  wiishcd,  dried  at  lOO'  C,  iind  vrt^ighocl. 
lu  regard  to  the  composition  of  tliceo  compounds  boo  paged  UJii  and 
107.     This  method  of  aepariiting  adeniii  and  hypoiiinthin  presup- 
'  jrasea  that  the  liquid  duM  uot  coutuiu  any  hydrochloric  auid. 

The  above  tiietho<l  of  ^opaniUun  witii  aintrioiiiti  does  not  gtre 
^Bxact  rcealte  on  accduiit  of  the  not  incoiiaidcmble  sidiihility  of 
[^nsnin  in  warm  nmmonin.     According  to  Kossi;i,  hihI  Wri.Fi' '  the 
ignaoin  may  therefore  be  pre^ii  pita  ted  from  siiftioiontly  dilute  soln- 
tionn  bj  an  excess  of  metaphosplioric  acid  and  the  Ditrogen  deter- 
mined in  the  waeh«d  precipitate  by  Kjelimhl's  method.     The 
adeuin  and  hypo.\uut)iin  may  be  precipitated  from  tiie  liitrate  by 
ammoDiacal  eilver  nitrat*.     The  silver  compound  is  deoompoeed 
with  very  dilute  hydrochloric  acid  and  the  wleiiin  sepanited  from 
the  hypoxanthin  according  to  the  enggestion  of  Buuiimb.* 

Afinerai  bodies  are  never-failing  coiistituente  of  the  cell.  Tlieee 
mineral  bodies  are  potassium,  sodium,  cali^ium,  magrteBiuin,  iruii, 
phosphoric  acid,  arul  chlorine.    In  ru^^rd  to  the  alkalies  vte  llnd  in 

'general  in  the  animal  orgaiiinni  that  the  sodium  comhinaLioiia  are 
more  abundant  in  the  fluids,  and  tlut  potassium  coiuhinatiouB  iu  the 
form-coustituenls  and  iu  tlic  protoplasm.  Corres|H>ndin};  to  tliia 
the  oell  contains  potassium,  chieily  as  phosplmto,  while  the  aodium 

\aad  chlorine  combinations  oocur  lodg  ubundautly.  Accordijig  to 
the  ordinary  views  tlie  potiuwiuni  rouibinutiona,  cttpeciully  llie 
potaffiium  plioHphate,  are  of  ttie  greatest  imjiorbince  for  the  life  and 

idevelopmenc  of  the  cell,  oven  though  wo  do  not  know  the  nature  of 
the  imponancB. 

In  regard  to  the  phosphoric  acid  then;  seems  to  be  no  doubt 

[^at  its  importance  lies  chieAy  in  that  it  takm  part  iu  the  forma- 
tion of  nucli>iua  and  thereby  indirectly  makes  possible  the  proeosaos 
of  growth  and  dirision,  which  are  dopondont  upon  the  coll  uoclous. 
LoEW  1  has  shown,  by  means  of  cultivation  cxperimentj  on  algao 
Spirogyra,  cliat  only  on  the  supplying  of  phoephateti  (iu  his  cxpori- 
menls  potassiom  phosphate)  was  the  nutrition  of  the  cell  nucleus 
made  possiblo,  aud  thereby  the  growth  and  division  of  the  cells. 
The  odhi  of  the  Spirogyra  csu  be  kept  alive  and  indeed  produce 
starch  and  proteids  for  eomo  time  without  a  supply  of  phoapbatos, 
bnt  its  growth  and  propagation  suffers.  Pliosphoric  acid  is  also 
vithoQt  donbt  of  importance  in  the  formation  of  Ute  lecitbtna. 
Iron  seems  to  occur  especially  iu  the   nnoleua,    because   the 

•ZclUwhr  f.  pliyauol.  Cbem..  Hd.  IT. 

*Ibid,.  Ud.  14.  H.  5&D. 

*Biotcvwch«ti  C«ulnilblutt.  Bd.  II,  1891,  S.  ^9. 
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nucleins  are  very  rich  therein.  The  regalar  occurrence  of  earthy 
phosphates  in  all  celts  and  tissnes,  as  also  tbe  difficulty  or  rather  the 
impossibility  of  separating  these  bodies  from  the  protein  bodies 
without  modifying  them,  leads  to  the  Bappoaition  that  these  mineral 
bodies  are  of  unknown  but  nerertheless  great  importance  for  the 
life  of  the  cell,  aa  well  as  the  chemical  processes  going  on  within 
them. 
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Thb  blotxl  is  to  be  coneidDred  from  u  certain  Btandpoiat  as  a 
fluid  tissne,  and  it  consifits  of  a  traasparoDt  liqaid,  the  blood-plasma^ 
in  wbidi  a  vaet  nambor  of  solid  particles,  the  red  and  wHiio  blood- 
corpuselts  (and  the  Hood-plafe.*)  aro  Buspendod. 

Outside  of  tbo  organi&m  tbo  blood,  as  is  well  known,  coagnUites 
mure  or  \es&  quick! j ;  bat  tbiit  coagulation  m  accomplished  generally 
in  a  few  niinutce  after  leaving  the  body.  All  varieties  of  blooil  do 
not  ooagulate  with  Uio  Ramc  degree  of  rapidity.  Some  coogiaUte 
more  quickly,  othore  more  slowly.  Among  the  varieties  of  blood 
thns  far  inveetigated  the  blood  of  the  horfte  coagulates  most  atovlj. 
The  ooagiilution  may  l>o  more  or  leaa  retarded  by  quickly  cooling; 
and  if  wo  allow  equine  blood  to  flow  directly  from  the  vein  into  a 
glasa  cylinder  which  is  not  too  wide  and  which  has  been  cooleil,  and 
let  it  stand  at  0°  C,  the  blood  may  be  kept  Quid  for  aeverat  days. 
An  up[)er,  nmber-yellow  layer  of  plasma  gnidiially  sppartit«ti  from  a 
lower,  red  layer  composed  of  blood -corpiiscleB  wilU  only  ii  little 
plasma.  Between  tbeise  we  obeerre  a  whitish-gray  layer,  which 
coQaistfi  of  white  blood-corpugdee. 

Tbo  ploBma  thns  obtaineil  and  tiltered  is  a  clear  amber-yellow 
alkaline  Uqnid  which  renminB  fluid  for  some  time  when  kept  at 
0"  C,  but  soon  cosig-ulatea  at  the  ordinary  tflmi>erature. 

The  coagulation  uf  the  bluud  may  bu  pruvented  in  other  ways. 
After  the  iojection  of  peptone  or,  more  correctly,  alhumose  sutii- 
tions  into  the  blood  (In  the  living  dog),  the  blocKl  does  not  copulate 
ou  leaving  the  veins  (Fano/  ScnMiUT-MuLiiEiii').  The  plaeina 
obtained  from  such  blood  by  means  of  centrifugal  force  i^  called 


I  I>u  BolaTtfTTHMid'a  Areblv.  1881.  8.  tn. 
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'^ pepione-plasma."  The  coagnlation  of  the  blood  of  warm-blooded 
aiiimala  is  prevented  by  the  injection  of  an  eSnaion  of  the  mouth  of 
the  officinal  leech  into  the  blood -current  (Haycraft').  If  the 
blood-circalation  of  a  dog  is  cut  of!  from  the  liver  and  intestine  and 
the  blood  allowed  to  flow  only  through  the  head  and  the  viscera  of 
the  thoracic  cavity,  the  coagulation  property  of  the  blood  is 
destroyed  (Pawlow,  Bohr').  Tlio  statement  as  to  the  non- 
coagnlability  of  the  blood  after  the  excision  of  the  liver  and 
abnominal  cavity  could  not  be  confirmed  by  Contejean.'  If  we 
allow  the  blood  to  flow  directly,  while  wo  stir  it,  into  a  neutral  salt 
solution — best  a  saturated  magnesium-snlphate  solution  (1  vol.  salt 
solution  and  3  vols,  blood) — we  obtain  a  mixture  of  blood  and  salt 
which  remains  uucoagulated  for  several  days.  The  blood-corpusclea 
which,  becanse  of  their  adhesiveness  and  elasticity,  would  otherwise 
pass  easily  through  the  pores  of  the  filter-paper  are  made  solid  and 
stiff  by  the  salt,  so  that  they  may  be  easily  filtered.  The  plasma 
thus  obtained,  which  does  not  coagulate  spontaneously,  is  called 
"  salt-plasma.^'' 

An  especially  good  method  of  preventing  coagulation  of  blood 
consists  in  drawing  the  blood  into  a  dilute  solution  of  potassium 
oxalate,  so  that  the  mixture  contains  0.1^  oxalate  (Arthus  and 
Pages  *),  The  soluble  calcium  salts  of  the  blood  are  precipitated 
by  the  oxalate,  and  hence  the  blood  loses  its  coagulability. 

On  coagulation  there  separates  in  the  previously  fluid  blood  an 
insoluble  or  a  very  difficultly  soluble  albuminous  substance,  ^;!^'n. 
When  this  separation  takes  place  without  stirring,  the  blood  coagn- 
lates  to  a  solid  mass  which,  when  carefully  severed  from  the  sides 
of  the  vessel,  contracts,  and  a  clear,  generally  yellow-colored  liquid, 
the  blood-sennn,  exudes.  The  solid  coagulum  which  encloses  the 
blood -corpuscles  is  called  the  blood-dot  (placenta  sitnguinis).  If  the 
blood  is  beaten  during  coagulation,  the  fibrin  separates  in  elastic 
threads  or  fibrous  masses,  and  the  defibrinated  hlood  which  separates 
is  sometimes  called  cntor,"  and   consists  of  blood-corpuscles  and 

'  Proc.  phTsiol.  Soc.,  18S4,  |>.  Ill,  and  Arch.  f.  exp.  Patbol.  und  Phaitn., 
1884,  B.L  18." 

'Ceiitr:ilbi.  f.  Pliysiol.,  1888.  No.  11. 

■Arch.  (Ib  Physiol,,  S6r.  'i.  Tome  7. 

*!hid..  Tome  3,  1890,  and  Compt,  rend..  1891,  Tome  112,  No.  4. 

^'i'hename  cruor  i^  used  in  different  Henses.  We  sometimes  uoderstaiid 
thereby  only  the  blood  when  coagulated  to  a  red  solid  masa,  in  other  cases  th« 
blood-clot  after  the  seiiaration  of  the  eerum,  and  lastly  the  sedlmant  consisting 
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blood-gornni.  Dcfibrinatcd  blood  oonnsts  of  blood -oorpunlM  and 
serum,  vhile  niico&gulatod  blood  consists  of  blood-corpascles  and 
blood- plaania.  Tho  osaeDti&l  cli«mic^  difference  between  blood- 
Bentni,  and  blood -pltisoia  is  that  tho  blood-Borom  does  not  contain 
the  uiothor-snbstance  of  fibrin,  the  fibrinogen,  which  exists  in  the 
blood-pluema,  and  tho  serum  i?  proportionally  richer  in  another 
body,  the  fibrin  formont  (^ee  page  IKi). 

I.  BliKHl-plaHiiia  iiiid  Rlund-Kfriim. 

The  Blood-plasma. 

In  the  ooagnlation  of  the  blood  a  (^liemical  transFormation  takes 
place  in  the  platuna.  A  part  of  the  protflids  s>epanit«8  a?  innotaltlo 
fibrin.  The  albiiniiuoimbiKlieHOf  llio  plasma  intt»t  therefore  be  tirat 
described.  They  are.  aa  far  m  we  know  at  present,  fibrinogen, 
$«rglof»iiiji^  anil  sernibumtn. 

Fibriaogen  oociirs  in  blood-plasma,  chyle,  lymph,  and  in  certain 
tranHiidatiunri  and  exudations.'  It  has  ihe general  proportic  ■  of  tlio 
globtiUnd,  but  difTcra  from  other  gtobulius  ag  follows:  In  u  moist 
condition  it  forms  white  Hakes  wIiiitIi  are  enhiMe  tn  ililnte  common- 
aalt  sotntions,  atui  wlnoli  easily  cougloriierate  into  tongh,  elastic 
mwp***  or  InmjKB.  The  solution  in  Xa<'l  of  h-X^i  coagulates  on 
heating  to  +  '>'2°  to  .15"  0.,  and  tlie  faintly  alkaline  or  nearly 
neutral  weak  salt  solution  coa^nilate&  aL  -\-  56'^  (>.,  or  at  exactly  the 

le  temporaiuro  at  which  tlio  blood-plasma  coagntates.  Kihrin- 
an  solutioutj  are  precipitated  by  an  0(|uaL  rotiinie  of  a  eatiimted 
oommon-aalt  soluiou,  ami  arc  completely  precipitated  by  aiMing  an 
excess  of  Na('l  in  sabstatioe  (thus  differing  from  HerglobiiHn].  It 
differs  from  myoiiu  of  the  muscles,  which  coagulated  at  ahont  the 
tame  temperature,  and  from  other  albuminous  bodies,  in  the 
property  of  being  convortcd  into  fibrin  under  certain  oonditions. 
Fibrinogen  haa  a  strong  deconiimsing  action  on  hydrogen  peroxide.* 
It  ia  quickly  made  insoluble  by  precipitation  with  water  or  with 

of  ted  blood' corpus c Ice  whicli  t«  ohUkinrd  frotn  dnflhrinatod  blood  \>y  meaciR  at 

llrifiignl  force  ur  by  tcltinjf  tt  atnuil. 

M  Til**  i|iifjrtH(n  ft*  1»  tlio  iicsarrence  of  citlier  flbrinoKCiM  (Woolakiduk)  will 
ht  tpukcu  of  III  roniK'irii'in  witb  Um  ooiDpl«>tti  dbtcumion  of  tli«  cm^ulalluu  of 
tli«  Mood.     (Svc  furtlii-r  on.) 

*\n  nguA  to  6i>niiogMi  Uie  modor  Is  r«furrt»)  lotbft  author's  in vestigQilnos. 
Pfln^n-T'o  ArcUlT,  Ifal'l.  19  aad  28. 
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dilate  acids.     Ite  specific  rotation  is  a'(D)  =  —  03.5°  according  to 

MllTELBACH.' 

Fibrinogen  may  be  easily  separated  from  the  aalt-plaema  by  pre- 
cipitation with  an  equal  Tolnme  of  a  saturated  NaCl  solution.  For 
further  pnrification  the  precipitate  is  pressed,  redisBolved  in  an  8^ 
salt  solution,  the  filtrate  precipitated  by  a  satarated-salt  solution 
as  above,  and  after  precipitating  in  this  way  three  times  the  pre- 
cipitate at  la^t  obtained  is  pressed  between  filter-paper  and  finely 
divided  in  water.  The  fibrinogen  dissolves  with  the  aid  of  the 
small  amount  of  NaOl  contained  in  itself,  and  tlie  solution  may  be 
made  salt-free  by  dialysis  with  very  faintly  alkaline  water.  From 
transudations  we  ordinarily  obtain  a  fibrinogen  which  is  strongly 
contaminated  with  lecithin  and  which  can  hardly  be  purified  with- 
out decompoaiog.  The  method  for  the  detection  and  qnantitatiTe 
estimation  of  fibrinogen  in  a  liquid  is  based  on  its  property  of 
yielding  fibrin  on  the  addition  of  a  little  blood,  of  seram.  or  of 
fibrin  ferment. 

The  fibrinogen  stands  in  close  relation  to  its  transformation- 
product,  the  fibrin. 

Fibrin  is  the  name  of  that  proteid  body  which  separates  on  the 
so-called  spontaneous  coagulation  of  blood,  lymph,  and  transnda- 
tions,  as  also  in  the  coagulation  of  a  fibrinogen  solution  after  the 
addition  of  sernm  or  fibrin  ferment  (see  below). 

If  tlie  blood  is  beaten  during  coagulation,  the  fibnn  separates 
in  elastic,  fibrous  masses.  The  fibrin  of  the  blood-clot  may  be 
beaten  to  small,  less  elastic,  and  not  particularly  fibrous  lumps. 
The  typical,  fibrous,  and  elastic  white  fibrin,  after  washing,  stands 
in  regard  to  its  solubility  close  to  the  coagulated  proteids.  It  is 
insoluble  in  water,  alcohol,  or  ether.  It  expands  in  hydrochloric 
acid  of  1  p.  m.,  as  also  in  caustic  potash  or  soda  of  1  p.  m.,  to  a 
gelatinous  mass,  which  dissolves  at  the  ordinary  temperature  only 
after  several  days,  but  at  the  temperature  of  the  body  it  dissolves 
more  readily  but  still  slowly.  Fibrin  expands  in  a  5-10<^  solution 
of  common  salt  or  saltpetre,  but  only  dissolves  very  slowly  at  ordi- 
nary temperature,  while  at  40°  C.  it  dissolves  more  readily.  At 
present  we  cannot  positively  state  what  action  the  presence  of 
micro-organisms  or  contaminating  enzymes  have  on  this  eolation. 
According  to  Artiius  and  lIuuER,'  and  also  lately  to  Dabbstb,' 
there  is  no  doubt  of  the  solubility  of  fibrin  in  neutral  salt  solatious 

'Zeitaclir.  f.  pbysiol.  Chem.,  Bd.  19. 
*  Arcli.  de  Pbjraiol.,  S£i.  S,  Tome  & 
*7Md..  TomeT. 
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without  the  action  of  micro-orgBtiiiima.  According  to  Grbbh  '  two 
globaiina  are  formed  iu  this  solntion  of  fibrin.  Fibrin  docompodu 
hydrogen  peroxide,  hut  this  property  is  dastroyod  bv  heating  or  by 
the  action  of  alcohol. 

What  ha«  bc«n  said  of  the  aolnbility  of  6brin  relates  only  to  the 
tjpica)  librin  obtained  from  the  arterial  blood  of  mammals  or  nmn 
by  whipping  and  washing  first  with  water  and  with  oommon-Kolt 
Bolation,  and  then  with  wntor  agnin.  The  blood  of  rnricus  kinds 
of  animals  yields  fibrin  with  Bomewhat  different  propertioa,  and 
according  to  Fermi'  pig-fibrin  dtsaolvos  mnch  more  readily  in 
hydrochloric  acid  of  5  p.  m.  than  ox-fibrin.  Fibriiia  of  varying 
pnrity  or  originating  from  blood  from  different  purta  of  the  body 
have  unlike  solabititiea. 

The  fibrin  uhuiined  by  beating  the  hlood  and  purified  U6  abore 
described  h  always  contiuniniitod  by  enclosed  blood-corpusr^tcA  or 
remaini  thereof,  and  al»o  by  lymphoid  cella.  tt  can  only  be 
obtained  pnre  from  filtered  plasma  or  filtered  tran«udation«i.  For 
the  pure  preparation,  tu  well  as  for  the  qiiiiutitative  estimation  of 
fibrin,  the  spontaneously  co[^;llIating  liquid  is  at  once,  or  thu  non- 
apontaneuusiy  coagulating  liiiuid  only  after  the  addition  of  blood- 
eeram  or  fibrin  ferment,  thoponglily  buaten  with  a  whalebone,  and 
the  eeparated  ooagnlum  lit  wiuhed  fir^t  in  water,  and  then  with  a  5li 
oommon-sall  aoluliun,  and  apiin  with  water,  and  lastly  extracted 
with  alcohol  and  ether.  If  the  fibrin  is  allowed  to  stand  In  contact 
with  the  blood  from  which  it  was  formed  for  aome  time,  it  partly 
dissolvee  (fibriiiolyHis~~I>.\;^Ti!K').  Thi.^  fihrinolyKis  must  be  pre- 
rant«d  in  the  quantitative  estimation  of  fibrin  (Dastkk). 

A  pare  fibrinogen  solution  may  be  kept  at  the  ordinary  tem- 
perature until  putrefactioQ  begins  without  showing  »  trace  of  fibrin 
Doogulation.  Bat  it  to  this  solution  we  add  a  water-washed  fibrin- 
elot  or  a  little  hlood-»erum,  it  imniediatciy  (coagulates  and  may 
yield  perfectly  typical  fibrin.  The  traiisformntiun  of  the  fibrinogen 
into  fibrin  requires  the  jtresence  of  another  \miiy  contained  iu  the 
blood-clot  and  in  the  serum.  This  body,  whose  inip^trtarice  in  the 
coognlatiou  of  fibrin  was  first  observed  by  Buciianak/  was  later 
rodEscorered  by  Albxandbk  Schmidt'  and  designated  "fibrin- 

•Jonraal  ot  PIitbIo).  V<,\,  8,  p.  .M2. 

*S<ritM!lir  r  BMo^e,  Ihl,  28,  S.  2119. 

■  Archivra  do  Pfajraml.  (<1).  TrKi]i«  5.  No.  8,  ad^  Totn«  6.  No.  4,  p.  670. 

*  London  HiHi.  Qawlto,  1845,  p.  617.     Cit.  b;  aamg^tt,  Juurnal  uf  P1ij«IoL. 
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It, mini."  Tin-  iifitiirc.  of  lIiIh  (fijzyiiiotic  h(n\y  \\m  not  been  asfer- 
IpuipmI.  Alllniiij'h  rmitry  itiVi!nLi;,'aLor.-i,  a^jKifriiilly  Knf^lirili,  consider 
lildtri  r'Tiipi-til  irv.  It  ^<;loliiiliri,  hMII  niore  roitnit  experimenU  of 
I'Mvi  iitMiiNi.,'  Wiii'.riT,"  iind  Lit.tKS'i'KL[>'  rHow  tlmt  it  is  a 
iiiH-li'OiiHiiiiniii  or  ])itIi)L|ih  a  iiii<0<-o|in)t.eiii.  Kihrin  ferment,  which 
M  iKnv  ■■iilli-tl  Oi  null  hi  II  hy  .\i.i;\.  KiiiMt  ht,'  is  jiroihiced,  according 
to  I'l  ki  111  Mil  MI,  )iy  t.iic  iicLioii  of  Mihihlo  ciLlciiini  hhUs  on  n  pi*e- 
liiiiiiiil  v,\iiiii<'/iii  i<\i.'j|.iri<;  in  tlii»  li(>n-c:(iii;;nliitcd  phisma.  ScitMlltT 
itiliiithi  iif  llii'  ln■l■^;l*t|l■(>  of  siii'h  H  iMi)||ii>r-sii)iF]tiLn(!e  of  the  librin 
roiiiiriit  III  llii<  lilouil  tuiil  nails  i I  pnillirotiiliin.  Tiio  zymogen  as 
\\A\  111  lliv  lilinri  IVmih-iiI.  is  li-ss  soliililr  in  un  cxcesB  of  ncetic  ncid 
lliiiii  lhi<  >:li>l<iilins.  mill  yields  i\  niiclciii  oca  p»<.'iidonnc1ein  on  pepcic 
div'tiiiii  'riininiliiu  i-iirri>K|)i>iiils  lo  ulhiiroMzytneii  in  that  the  verv 
iniiidlivit  iiiiioniil  i>r  il  proiluci's  ;iii  action  and  it^n  liohition  beoonif^ 
iiinilivii  nil  lit'iiiiii;-,.  It  is  iiiiisl  artivo  at  about  40"  C.  T.:t 
\ m.i."iin.  lu-ft'i'diiif:  to  Ti-ivKi  11  vifiNi:.  is  dt'strovetl  at  al'T-': 
i  I'.'  I'.,  wbili'  ibo  fcnin'iil  is  di'slmycil  at  about  the  sami-  or  t 
bull'  liK'hor  h>tiii'«'f:miri'.   I"'    ;.'»    I'. 

riiii  i-ioljitiou  of  ihi'  I'.brm-fi'rmoiu   bn-'   Iven  triot.1  in  s*Tfri_ 
\\:\\--       l'iibn:ivilv  i(  in:iy  W  p:vp;iivd  by  tlio  foMowiiij;  me::'.';-.!  t-- 
pi-.i-.l  1m    \i  1  a    Si  hmu'I    ■    rri'ivpimii'  ilie  si'rr.iii  or  *;e:LL'r:.i^t'i. 
\i«'s,  o','  a'ui'V..*;   an.:   !i",.nv    :i    •.>  sui:.  :   i  i-ir 
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Thrombin  can  be  precipitat«d  from  this  solation,  accordiog  to 
Pekeluabin*!,'  by  the  proper  nilditioti  of  itcettc  ncid.  Accorcjioff 
to  tliis  iiivustigator,  it  ik  bust  to  dialjze  the  uborti  llltnito  sutnrutod 
with  MgSO,  and  tlien  prtTiiiitiiti;  with  acetic  iicid.  lie  has  been 
able  to  obtjiiii  thrombin  ilirectly  from  the  blood-scrnni  by  dihiting 
with  wttter  aud  adding;  itcctic  acid  iiiiul  the  AiT^^tobiiliti,  which  lirsC 
precipiUites,  is  at  least  in  great  |Mtrt  redigaoKed.  The  Uimmbiti  is 
puritietl  by  rerouted  soliiUou  In  ulkuliue  wat«r  aud  ruprecipitatiiig 
with  ocetio  uctd. 

If  a  libriiiogen  Holation  containing  salt,  an  above  prepared,  i« 
treated  with  a  aolution  of  *' llbrii)-f«rnient,**  it  coagrilatcA  at  the 
ordinary  temperaturfl  more  ^r  less  quickljand  yields  a  typical  fibrin. 
BesldM  the  fibriu  ferment  the  pretteuce  of  neutral  Kilts  ia  necessary, 
for  withont  them  ALEX.  Schmidt'  baa  idiown  the  coagulatiou  of 
fibrin  does  not  take  phice.  The  presence  of  sohible  calcinm  salts  is 
likewise  an  eosential  condition  for  the  formation  of  Cibrin  (AuTnt'd 
atid  PAoiiS,  I^KBLnARiKo),  aud  the  fibrin  {separated  alwa^tt  con- 
tains calcium.  The  (jiiantity  of  fibrin  obtained  on  coagttlation  is 
always  tunaller  than  th«  amount  of  fibrinogen  from  irhich  the  fibriu 
is  derived,  and  we  always  fiud  a  small  amount  of  protein  substaace 
iu  the  soUitiou.  It  im  therefore  not  iinprobabiu  that  tlie  coagulation 
of  fibrin,  in  accordance  with  the  viewti  of  J)eki8,  is  a  splitting 
prooeaa  in  which  the  soluble  fibrinogen  ia  iij>lit  into  an  insoluble 
olbuminoas  body,  the  tlbrin,  wliioli  forms  the  chief  maHu,  aud  a 
aolable  protein  substance  which  is  only  formed  in  smrdl  umounts. 
We  liud  a  globulin-like  sut>stanco  which  coi^uktes  at  about 
•|-  04'''  C.  in  blood-serum  as  well  as  iu  llio  serum  from  coagulated 
flbrioogeu  solutions.  Tliis  substance  is  qdM^sA  Jibrin^glubHltn  by  the 
Atrruou.*  The  question  whether  this  substance  exists  in  the 
librinogen  solution  as  contamination  or  is  fonnod  as  a  splitting 
protluct  has  not  been  positively  decided. 

The  Umo-sultSf  as  above  stated,  are  a  necetmary  factor  tn  the 
coagalaUou.  Acrardiug  to  PEKiii.iiA)tiMi,'  they  act  as  follows: 
Thft  fibrin-femiont  or  tlurombiu  ia  a  calcium  combination  of  the 
XTmogen,  the  prothrombin.  In  coagulation  the  calcium  is  trans- 
ferred to  the  fibrinogen  by  the  thrombin,  forming  inaolubjo  tihrin 
containing   calcium.     The   thrombin   is   licrcby  roconvcrteU   into 

>Uo. 

•PI)Q««r'fl  Archiv,  Bd.  11.  S.  Sdl-MI :  also  BcL  IS,  S.  108. 
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prothrombin,  which  takes  up  more  calciam,  being  converted  into 
thrombia  again,  which  then  gives  up  ita  calciam  to  a  new  portion 
of  fibrinogeD,  and  bo  on.  The  process  has  great  similarity  to  the 
formation  of  ether  from  alcohol  by  sulphuric  acid. 

L[lienfkld'  has  described  his  experiments  and  views  in  an 
eztenaive  memoir.  According  to  him  the  fibrinogen  may  be  split 
by  acetic  acid,  and  also  by  the  nuclein  substances  of  the  leDCOcytea 
(these  also  act  in  alkaline  solution),  into  a  proteid  body,  which  is 
precipitated  readily,  thrombosin,  and  an  albumose-like  anbstance, 
which  gives  the  biuret  reaction  and  which  retards  coagalation. 
Thrombosin  passes  into  fibrin  in  the  presence  of  soluble  calciam 
salts,  without  further  addition  iuasmnch  as  fibrin  is  nothing  bnt 
the  calcium  combination  of  thrombosin.  The  above  cleavage  of 
fibrinogen  into  thrombosin  and  a  sohible  proteid  substance  miiy  also 
take  pluce  in  the  absence  of  calcium  salts,  and  these  are  only  neces- 
sary for  the  separation  of  the  calcium  combination  of  thrombosin, 
i.e.,  fibrin.  Fibrin-ferment,  which  is  a  globulin  according  to 
LiLiENFKLD,  is  not  a  precursor  but  a  product  of  the  coagulation. 
The  coagalation  process  is  considered  by  Lilienpeld  and  moat 
investigators  as  a  cleavage  of  the  fibrinogen,  and  the  essential 
difference  between  his  theory  and  tlie  others  consists  in  that  the 
coagulation  exciter  is  not  the  fibrin-ferment  but  a  nucleoproteid 
whicli  is  the  leuconnclein  derived  from  the  nucleohiston  by  cleavage. 

IIali,itu:rton'  ami  Brodik'  have  raised  an  objection  to  the 
statement  of  Pkkbliiakinc.  aa  to  the  identity  of  fibrin-ferment  with 
a  nucleoproteid  or  its  calcium  combination  occurring  in  the  blood- 
plasma.  PEKEi,UAUL\(i'  has  repudiated  this  in  a  recent  article. 
He  has  shown,  in  opposition  to  the  views  of  Halliburton  and 
LiLiE-VFiiLi),  that  the  fibrin-ferment  yields  nuclein  in  careful  pepsin 
digestion,  hence  it  must  be  a  nucleoproteid.  In  a  work  which 
appeared  after  the  death  of  Alkx.  Schmidt'  he  has  given  his 
position  on  tlie  work  of  other  investigators  in  this  field,  but  as 
this  extensive  work  is  chiefiy  of  a  critical  nature  we  cannot 
discuss  it. 

According  to  Oogiel  and  Holzmann  '  the  fibrin  coagalation 

'Zttitscbr.  f.  pbysiol.  Chem.,  Bd.  20. 
*  Journul  of  Phyniol  ,  Vol.  17. 
H'entralltl.  f.  PliysioL.  1895.  Heft  3. 
*Weileru  Beitrftge  zur  Blutlebre.     Wiesbaden,  1895. 

*Cotnpt.  rend.  d.  congr^s  ioteriiat.  des  sciences  m^icales  k  GopeoIugDe, 
1884,  Tome  1 .  p.  IM 
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coQBiaU  iQ  an  oxidatioTi  of  fibrinogen.  The  relationship  of  oxygsn 
to  the  L'oagalation  ie  indeed  not  clear,  and  that  it  has  a  certain  infln> 
ence  on  the  coagulation  cannot  bo  denied;  atill,  as  ooagniation  niaj 
take  place  in  the  absence  of  free  oxygen,  the  abore  view  doee  not 
mam  to  be  based  on  suflicient  fact. 

AlUiongh  the  prooessGfi  of  coagulation  ore  etilt  not  clear,  noTer- 
thelcsB  they  consist  essentially  m  the  courersion  of  the  fibrluogen 
of  the  [ilaenia  into  fibrin.  The  ooagalution  of  the  blood  is  a  muoh 
more  oomplicated  proceis»  tliun  the  coagulation  of  a  tibrinogcn  solu- 
tion, inasmnoh  as  the  first  involves  other  important  questions,  aa, 
tor  instance,  the  reason  for  the  bloo<l  reniiiinirig  flaid  in  the  body, 
the  origin  of  the  fibrin-forment,  and  the  importance  of  the  form* 
elements  in  the  coagulation.  A  fnller  disciisiiion  of  the  vimoua 
hypotheses  and  tiieoriea  oonceniiog  tlio  coagulation  of  the  blood 
mnat  tlierefore  be  givoii  later. 

Serglobalin.  alao  called  parayhtbulin  {Voi^MU'K*),  fibi-inoptagtiv 
mtbsianeo  (Ai.RX.  SniiMiriT*),  ftmtm-raseiH  (I'anum'),  occurs  in 
the  ploama,  serum,  lympli,  transudatioiiD  and  exudations,  In  Llie 
white  and  red  corptisclee,  and  probably  in  many  aniiual  tititjiies  ami 
forni-eleuients,  though  in  kuimII  quantitieii.  Il  i*  altto  foaiiii  in  the 
nrine  in  many  (liseaAcs. 

Berglobniin  is  withont  doubt  not  an  individual  snbstanoe,  bnt 
tjonaista  of  a  inisture  of  two  or  more  protein  bodies  which  cannot 
he  completely  and  poBitively  se[Mirale[l  from  ojioh  other.  Under 
thase  oirouumtamtes  the  Htateiuenta  in  ni^inl  to  the  properties  of 
the  eerglobnliDs  m  nuuinUly  tiomewhuL  uncertain.  According  to 
onr  pn^^nt  knowledge  it  has  the  following  pmpertiea:* 

Serglobulin  liatt  the  genera)  projtcrtiod  of  the  globulirii!.  In  a 
muJBt  condition  it  fornin  a  snow-white  flaky  mass  neither  tongh  nor 
elfuitlc.  The  essential  ditTerenccs  between  sc^rglobuliii  and  fibrinogen 
are  the  following:  Serglohnlin  nolutiona  are  only  incompletely  pre- 
cipitated by  adding  NaCI  to  Mituration,  and  not  procipiCaLod  at  all 
by  an  eqnid  volume  of  a  Batiirotcd  coMimon-aaU  solution.  The 
coagulation  temperature  is,  with  5-10^  NaCl  in  solution,  -{-  Tfi"  C. 
It  ia  completely  precipitated  by  MgSO^  in  substance  added  to  Bat- 
oration,  as  aim  by  an  equal  volume  of  a  saturated  solution  of 


■  I«Iiriiucli  il.  pbjTKiol.  Clwui.     Lripxig.  t6G«-C8. 
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aminoninm  sniphnte.  The  speciHc  rotiitory  power,  according  tA 
ruEHKiuinj,'  for  BorglobiUin  (from  ox-blooil)  solutions  containing 
Bait  is  a(D)  =  -  47.8% 

Acconling  to  K.  Murn'kb*  serglobuliti  yields  a  redocing  snt- 
stance  on  boiling  with  a  dilate  acid.  The  iiieatioa  whether  the 
finbstance  we  hnve  heretofore  called  serglobnlin  is  a  gIycoprot«id  or 
whether  it  is  a  mixture  of  globulin  with  a  glycoproteid  has  not  been 
positively  decided  up  to  the  present  time. 

.Sorglobulin  may  be  eusily  separuled  as  ii  fine  floccnlcnt  precipi- 
tate from  blfKid-sonin]  by  iiontralixing  or  making  faintly  acid  with 
acetic  lu-'iil  and  tfien  diluting  with  10-20  vols,  of  water.  For 
farther  purification  tliia  precipitate  \&  dissolved  in  dllntc  common- 
salt  9olutii)ii,  or  id  vi-iitvr  by  the  aid  oC  the  smallest  possible  amount 
of  alkali,  and  thou  reprecijiitated  by  diluting  with  water  or  by  the 
addition  of  ii  little  acutic  acid.  TJiu  >^»rglohulin  may  also  be 
senamtod  fn>m  tlie  serum  by  means  of  miiguesiuni  or  ammonium 
8.Hl])liiite;  in  these  coaea  it  is  diftlcult  to  complot^ly  romoro  the  salt 
by  liinlysis.  The  serglobniin  from  blood-^eriim  is  always  contMiii- 
liate<l  by  lecithin  and  so-calleJ  lilirin-fermeiit.  A  eerglobnlin 
free  from  fibrin-ferment  may  be  prepared  from  ferment-free  traasu- 
dutions,  us  eonjotimcs  from  hydrocele  fluids,  and  this  shows  that 
aerglohalin  and  librin-ferment  a,rH  different  bodies.  For  the  detec- 
tion and  the  quantitative  estimation  of  serglobniin  we  may  UM 
the  precipitation  by  magnesium  sulphate  added  to  saturation 
(aLTUob'),  or  by  an  equal  volume  of  asuturutud  nc^f/ra/ auuiinuiuni 
sulphate  srdution  (IIopmkistI'IIi  and  KAinhit  and  I'oiii.*).  In  the 
qntiutittUifo  oatimution  tlio  proci|ntatR  \a  collected  on  a  weighed 
nltflr,  washed  with  the  salt  solution  employed,  dried  with  the  filter 
at  about  115°  C,  then  wiished  with  uoillng-hot  water,  so  as  to 
completely  remove  the  salt,  extracted  with  alcohol  and  ether,  dried, 
weighed  and  burnt  to  detennine  the  ash. 

Seralbumin  is  found  in  largo  quantities  in  blood-serum,  blood- 
ploama,  lymph,  trammdations,  and  exudations.  Probably  it  hIm 
occurs  in  other  animal  liquids  and  tissues.  The  protoids  which 
pass  into  the  urine  under  pathological  conditions  cooaists  largely  of 
seralbumin. 

In  the  dry  state  seralbumin  forms  a  transparent,  gummy,  brittle, 
hygroscopic  maae,  or  a  white  powder  which  may  be  heated  to 
100°  C.   without  decomposing,     lus  solution  in  water  gives  the 

1  Ball.  Acftd.  Boy.  do  Bi»Ig.  (81.  Toiu«  M. 

■CeatralU.  f  PliTsiol..  1893.  No.  30. 
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ordinarj  re«ctioiiB  for  albaniiiiK;  tlie  sp&citic  rotatory  povor  for 
seralbumin  free  from  |HiniglobuUii,  obtiuimil  from  human  trausada- 
tions,  is,  according  to  Stakr,'  a{lJ)  =  —  ti'Z.*J°  to  —  (i-1.6°.  The 
coogDlation  temperature  of  a  serai biini in  solution  in  -|-  70**  to 
-J-  75°  C,  according  to  meet  anthoritieM,  but  tliii)  variee  to  a  jjreut 
extent  witli  a  varying  concentration  and  Hmoiint  of  ualt  (.Stark). 
A  l-Zji  seralbumin  solution  nmj^  in  tho  preaenoB  of  very  little 
Nad,  ooognlate  at  +  50^  C.  or  )>e1ow;  in  the  prusunco  or  !)%  \aCi 
it  ooaguIatoB  ut  4-  "t^"  to  -f-  dO"  C.  By  tho  airofiil  addition  of  acid 
the  coagulation  temjMnituro  may  bo  lowered;  by  the  addition  of 
alkali  it  may  be  raised.  In  blood-serum  from  certain  animals  and 
in  humiin  tranttudations  Hallikl'ui'un'' found  the  coagulation  to 
take  plac«  on  heating  to  the  following  tempcmtnreit:  +  70°  to 
73"  C;  77°  to  "8"  C;  and  83^  to  85°  V.  lie  theroforo  considerB 
the  seralbnmin  aa  a  mixture  of  throe  atbiimina,  a,  0,  and  y,  which 
coagnbkte  at  tbo  throe  points  mentiooeil.  In  oold-bloodcd  animnla 
he  fonad  only  the  or-albumiu.  (Iituhkr'  Iiiis  prepared  crystallized 
protcid  from  blood-Bcrntn  of  the  horse,  which  seonts  to  correspond 
to  tliroe  difTcrout  scrolbamins. 

Seralbumin  differs  from  the  albumin  of  tho  wliitc  of  the  honV 
egg  in  the  following  particnlani:  it  is  more  Iferogymtc;  the  precipi- 
tate formed  by  hydrochloric  acid  easily  disaolres  in  un  exoeea  of  the 
acid;  i«  rendered  less  insoluble  hy  alcohol;  and  liiatty  it  act«  dif> 
ferently  inside  of  the  organiam.  If  ogg-albumiu  is  iutrodneed  into 
the  blood  gystem  it  posses  into  the  urine,  wliile  Beralbnmia  does 
uoL  A  solotion  of  seralbnmin  poaitirely  free  from  mineral  bodies 
hat  never  yet  been  prepared.  A  solntion  as  poor  ns  possible  in  salts 
does  not  coagnlate  either  on  boiling  or  on  the  addition  of  alcohol. 
After  the  addition  of  a  little  common  t»ilt  it  coagnlatea  in  both 
cases. 

In  preparing  Beralbiirain,  firat  remove  the  Rlobtijins  according 
to  J01IA.SS8OK,*  by  Biitnrating  with  niagriusinni  f^ulphatc  at  about 
+  30*  C,  and  filtering  at  the  same  tonipemtiire.  The  cooled 
filtrate  in  separated  from  the  crystaUiKed  salt  and  is  treated  with 
acetic  acid  so  that  it  contains  about  1%.  The  precipitate  formed  is 
filtered,  pressed,  dissolved  in  water  with  the  addition  of  aUiali  to 
Dentral  reaction,  and  the  solution  freed  from  salt  by  dialysis.     The 

'Malj'sJkUrMberielii.  Bd.  II. 

*Joum&lof  Pliytiiol.,  Vols.  &  (tad  7, 

■tiiUiiD^ber.  il.  WQrzb.  pbys.  mml.  a«9«lUch.,  18M. 

*Zi:iUickr   r.  (•Ljrsiol.  CLeiu.,  Bd.  9.  S.  317. 


122  THE  BLOOD. 

seralbatnin  may  also  be  separated  from  the  filtrate  satarated  with 
magnesium  sulphate  by  adding  Bodiam  salphate  to  saturation  at 
about  +  40°  (J.  (Stark  ').  The  pressed  precipitate  ie  also  in  this 
case  dissolved  in  water  and  the  solution  freed  from  salt  by  dialysis. 
The  albumin  may  be  obtained  in  a  solid  form  from  the  dialyzed 
eolntion  either  by  evaponitiDg  the  solution  to  dryness  at  gentle  heat 
or  by  precipitating  with  alcohol,  which  must  be  removed  quickly, 
Tn  the  detection  and  quantitative  estimation  of  seralbumin,  the 
61trate  from  the  globulins  which  have  been  removed  by  magaesiam 
salphate  is  heated  to  boiling,  after  the  addition  of  a  little  acetic  acid 
if  necessary.  Tlie  simplest  way  is  to  consider  the  difference  between 
tlie  total  proteids  and  the  globnlins  as  seralbnmin. 

Summary  of  the  elemeatary  composition  of  the  above  meatiooed  and 
described  albiiminoua  bodies  ; 

C  H  N  8  O 

Fibrinogen 53.93  6.90  16.66  1.25  22.36  (Hauiabbtek) 

Fibrin 52.68  6.88  16.91  1.10  32.48 

Fibrin-globalin 53.70  6.98  16.06  

Serglobulin 52.71  7.01  15,85  1.11  23.32 

S^ralbumin(l) 53.06  6.85  16.04  1.80  23.26 

Si'ralbumin(3) 52.25  6.65  15.88  3.25  23.97 

Tbc  seralbumin  (3)  came  from  a  human  exudation,  and  the  other  bodies 
from  borse  s  blood.  TLe  fibrin  was  prepared  from  a  filtered  commoD-salt 
plasma. 

The  Blood-senun. 

As  above  stated,  the  blood-serum  is  the  clear  liquid  which  is 
pressed  out  by  the  contraction  of  the  blood-clot.  It  differs  chiefly 
from  tlie  plasma  in  tlie  absence  of  fibrinogen  and  an  abundance  of 
iibMii-ferment.  Considered  quiilitatively  tiie  blood-serum  contains 
tlie  siinie  cliief  constituents  as  the  blood-plasma. 

Hlood-serum  is  a  sticky  liquid  which  is  more  alkaline  than  the 
plasma.  Tlie  specific  gravity  in  man  is  l.C^^iT  to  1.032,  average 
1.028.  The  color  is  strongly  or  faintly  yellow;  in  hum^n  blood- 
serum  It  is  pale  yellow  witb  a  shade  towards  green,  and  in  horses  it 
is  often  amber-yellow.  The  serum  is  ordinarily  clear;  after  a  meal 
it  may  be  opalescent,  cloudy,  or  milky  white,  according  to  the 
amount  of  fat  contained  in  the  food. 

Besides  the  above-mentioned  bodies,  the  following  constitaente 
are  found  in  the  blood-plusma  or  blood-serum: 

Fat  occurs  from  1-7  p.  m.  in  fasting  animals.     After  partaking 

<  Maly's  Jshresber.,  Bd.  IL 
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of  food  the  amount  is  mcroased  to  a  great  extant.  We  also  &ud 
toapg  (lloi'i-E-SuYLEB'),  cholestvnn,  anU  kctthin. 

(rlutoM  seoniE  to  be  a  pbvsiological  constituent  of  the  plaema. 
Aocording  to  the  investigationB  of  AsBLra,  Kwalo,  KCls, 
V.  Mkkino.*  and  Seeukn,*  the  sngnr  foond  in  the  ptogma  is 
glncose.  Omj*  found  in  the  plusnia,  besides  gluL'ose,  nnothor 
reducing,  Dou-fermen table  substance.  The  lunount  of  glncoao  in 
the  blood  is  about  1-1.5  p.  ni.  Orru  found  in  liuniaa  blood  1.18 
p.  m.  glucose  and  0.2!l  p.  m.  of  the  other  reducing  substanoe. 
Acooniiug  to  Jacousex,'  this  is  Bohible  in  etlier  and  is  cloeelj 
related  to  jecoriu.  The  amoiint  of  glucose  in  tbo  blooil  BGcniB  to 
be  alnHMt  indepenileut  of  the  fiiod  -,  iievt'rtheletn  tiftur  feeding  with 
large  iitiantitiee  of  glucueo  and  dextrin  Ulbilk*  obserTod  a  signifi- 
cant increoAe  of  i^lucow.  If  tiie  amount  is  more  than  .f  p.  ni., 
accor<iiii<r  to  (_'u  lii^RVARii,'  i\w  gltiotwe  pHSScs  iuto  the  nrine,  pro- 
ducing glycoaum.  The  different  iimounta  of  glntntse  iu  the  blood 
from  differout  vessels  and  under  rarioufi  conditions  will  bo  fully 
discndsed  later.  The  glycogen  found  iu  the  blood  does  not  neem 
to  come  from  the  plaamo.  but  from  tho  lencocjCea. 

BEitNAUii' has  shown  that  the  quantity  of  sugar  in  the  hlood 
diminishes  more  or  less  rapidly  on  loaving  the  voius,  Lepjnk/ 
oasooisted  with  Uarral,  has  specially  studied  this  decrease  in  tlie 
quantity  of  sugar  and  c»lU  ii  glycolysis .  Leimni:  and  Bakkai.  bs 
well  as  Aatul>  "  Imvu  shown  that  thisglycoUiiiti  Lakes  place  in  the 
complete  abeenoe  of  micro-orgouisDis. "    It  wems  to  be  due  to  a 

Zciwrhr.  t.  pUjaiol.  Cliom.,  6d.  8. 

*  Da  Botii-Rr7inua<l>  Arcblr.  1877,  8.  879.    This  aniele  eoaulns  aumermiB 

*ltiaf[rr's  ArebtT.  fid.  40. 

*iAHf.,  Bd,  8S.  (VaatAiiiK  K  good  reriew  of  the  litarsture  ot  sugar  la  tho 
blood. 

>C«otralt>L  (   Pby^l.  1603.  F«rt  IS. 

•  Du  Bota  Bermood  h  Anbir,  IS79.  S.  ffl-dl^. 
'  Ijffons  sar  la  dubite.     Paria,  IHTI. 

■J^foa  m£dkal.  Tome  63  ud  68  .  Compt.  Mndiu,  Tama  110.  112.  and  118; 
l<e]>iu«.  !■«  rnniient  ^Ivo>ljrl{^ii*!  ot  1«  [intiinguni*  ilii  dUlidt«  (I^ris,  1991).  Uid 
Rrvun  •BAlnttiue  «tcriti(|<ipdM  travxuz,  otc.,  io  Arcb.  de  mid- esper.  (Pitrtii. 
inri). 

••Afch.  do  Pbyslol.,  Joly  iei»l  aod  April  1803. 

■>A  critical  reriaw  of  thevftrioiu  metlLoda  of  removing  protoids  frnm  th* 
bloul  la  «uti;ar  esUmotioaB  la  girea  by  Seegeu.  t'eiicraltd.  f.  Pliysiol.,  ISD'i. 
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soluble  enzyme  whose  activity  is  destroyed  by  heating  to  -\-  54°  C. 
This  enzyme  is  derived,  according  to  the  above  investigators,  Irom 
the  leacocytes  and  is,  according  to  Lepine,  delivered  from  the 
pancreas  to  the  blood.  According  to  Lepise'  the  pancreas  con- 
tains a  zymogen  of  the  glycolytic  enzyme  occurring  in  the  blood. 
This  zymogen,  which  is  converted  into  the  enzyme  by  the  action  of 
sulphuric  acid  of  S  p.  m.  at  38°  C,  is  nothing  but  the  diastatic 
enzyme.  Roiimakn  and  Spitzek'  and  Spitzeb,'  who  have  shown 
the  occurrence  of  a  glycolysis  aoder  the  influence  of  not  only  the 
blood  but  also  various  tissues,  consider  this,  as  first  shown  by 
Kkaus,*  a  process  of  oxidation.  This  oxidation  is  brought  about 
by  the  oxygen  of  the  oxidation  ferment  occurring  in  the  form- 
elements.  According  to  Arthl's  and  Colenbra.vder*  this  gly- 
colysis is  only  a  post-mortem  process  and  not  a  vital  one. 

Blood-plasma  containa  an  enzyme  which  converts  starch  and 
glycogen  into  sugar  (Uoiimann'  and  Bial').  This  enzyme  also 
occurs  in  the  lymph,  but  not  in  the  form-elements  of  the  blood. 

The  sugar  found  in  the  serum  by  enzyme  action  is  partly  maltose 
or  isomaltoee  and  partly  dextrose.  These  various  sugars  are  pro- 
duced m  differing  quantities  in  the  various  phases  of  the  enzymotic 
processes.  This  is  accounted  for,  by  recent  researches  of  Kobuann 
and  C.  llAMHUKdEK,'  by  the  presence  of  two  differing  enzymes  in 
the  blood.  One  of  these  enzymes  is  diastase,  which  converts  starch 
and  glycogen  into  maltose.  Tlie  other  differs  from  invertin  and, 
according  to  UoirMANx,  is  probably  an  enzyme,  identical  with 
glucase,  occurring  in  the  plant  kingdom,  and  which  has  the  prop- 
erty of  splitting  maltose  into  dextrose. 

Among  the  bodies  which  are  found  in  the  blood,  and  without 
donht  met  with  in  smaller  or  greater  amounts  in  the  plasma,  are  to 
be  mentioned  urea,  uric  acid  (found  in  human  blood  by  Abeles  '), 

'Compt.  rend.,  Tome  120. 

'Ber.  d.  deutscli.  chem.  liesellsch.,  Bd.  88. 

■PflUjrcr's  Archiv,  Bd.  60. 

*ZeitscLr.  f.  kiin.  Mci.,  Bd.  21. 

*  Msly's  Jahrealier.,  B<i.  iiJ. 

*  B«r.  d.  deutsch.  cliem.  Gescllscli.,  Bd.  35.  and  PflQger'a  Arch.,  Bd.  62. 

'  Ueber  das  dia.'itatiscLe  Ferment  dea  Lymph-  und  Blatserums.  Inaog. 
Dibs.  Breslati,  1S92.  (.'ontaius  also  the  oldur  literature.  See  also  PflUger'i 
Arch..  Bdd.  52.  54,  and  5r>. 

*  Ber.  d.  deutscb.  chem.  Oesellsch.,  Bd.  27.  and  PflO^er's  Arcb.,  fid.  60. 

*  Wien.  med.  Jahrbacher,  18S7. 
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eeraiin,  carbamic  acid^  pamlaHic  a-cid,  and  ht'ppurir  acid.  The 
qnuutiC/  of  urea  deponds  upon  tlio  nntritivc  nondition  of  tlio 
animsl.  Daring  etarration  .SciifiNrKntPP'  found  u  minimum  of 
0.348  p.  m.,  and  in  the  higheRt  mageaot  area  foriiitittnti&  maximum 
of  1.5'^')  p.  m.  Under  pittliologieiU  conditioni;  tlie  following  hodieft 
have  be«ii  found:  xtitUhtn  tasen,  leuciHy  iifroain,  aad  biliary  i-oit- 
*titu*'Ht$, 

The  i-oiorinff  matturA  of  the  blood -aeniTii  arc  Tery  little  known. 
In  «quino  blootl-Kcrum  biliary  coloring  matiers,  bilirnbin,  be&idea 
other  coloring  matters,  often  occnr.  The  yellow  coloring  umtter 
of  the  scniiii  ftccma  to  belong  to  the  groap  of  lutein*,  which  are 
ofLcu  called  UpocJuwiei  or  fat-coloring  mattertL  From  ox-!<ernm 
KRi'fiEyBRiui*  was  able  to  isolate  with  nmyl  itlooliol  a  so-oalled 
li|Mw:lirofiie  wliose  aohition  ubows  two  absorption-bands,  of  which 
one  encloaeM  the  line  /'and  Iho  other  lieu  betwean  /'ami  &'. 

The  mineral  bwUtt  iu  aeram  and  pluamu  are  ']ualitatirely,  but 
not  f^tiantitiitivelT,  the  same.  A  purt  of  the  calcium,  magnefliiim, 
and  phosphoric  ncid  is  removed  ou  the  coagulation  of  the  Hbrio. 
By  means  of  dialysis,  the  prL-aonce  of  sodinm  chloride,  which  forms 
the  chief  mass  or  r,o-70;<  of  the  total  mineral  bodies,  also  iinie- 
saltfi,  sodium  carbonate,  besides  traces  of  ijulphuric  and  phueiphorio 
acids  and  jratussiiuu,  may  be  directly  shown  iu  the  serum.  Tracea 
of  silicic  acid,  fluorine,  c^tpper,  iron,  maii^'aufse,  and  ammonia  art) 
chiimetl  to  have  been  found  in  the  serum.  As  iu  most  uuiimil 
fluirU,  the  chlorine  and  aodiuni  are  in  the  blood-setnm  m  excess  ot 
llu'  phosphoric  acid  and  potiuwium  (the  occnrrence  of  which  iu  the 
serum  is  ereu  doubted).  The  acids  found  in  the  ash  are  not  snfti- 
cieiit  to  satnnite  the  baseft  found,  a  condition  which  shows  that  a 
IMu-i  of  the  baijcs  is  combined  with  organic  substances,  perhaps 
proteids. 

The  ga9M  of  iXw  blood-sernm,  which  consist  chiefly  of  carbon 
dioxide  with  only  a  littlu  nitrogen  and  oxygen,  wiJI  be  described 
when  treating  of  the  gases  of  the  blond. 

UoRaiiHc  of  the  difliciiUy  of  obtaintug  plasma  only  a  few  analyses 
have  been  made.  As  »n  exumple  the  results  of  the  analyses  of  the 
blood-plasma  of  tlie  borae  wdl  be  given  below.  The  analysis  No.  I 
vu  mode  by  Hoppr-i^eylek.*    No.  ?  is  the  average  ot  the  results 

I  PflQgrr'a  Ajr«lit7,  Dd.  M. 

■  Siuber.  A.  Jmi.  •JeMllKh.  t.  M»).,  ISBR. 

■  ril.  trvm  V,  Oom|>-BMuuua')i  l^lirbueli  il«r  pbjrsiol,  Chem,,  4.  Aa8,,  p.  844. 
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of  three  analyses  made  bj  the  AUTHoa.'     The  figares  are  given  in 
1000  parts  of  the  plasma. 

No. 

Water 908 

Solids 91, 

ToUl  protflidB 77, 

Filirin   10, 

tilobuliD 

Seralbumin 

Flit 1, 

Extractive  substances 4. 

Soluble  salts 6. 

Insoluble  salts 1. 

As  an  example  of  the  composition  of  blood-sernm  with  special 
regard  to  the  relationship  of  the  different  proteide  to  each  other, 
the  following  analyses  are  given.     The  resalts  are  in  1000  parts. 


1. 

No.  8. 

4 

917.6 

6 

83.4 

6 

60.5 

1 

6.5 

, 

38.4 

, 

24.6 

21 

U 

13.9 

7 

Serum 
from 

SoUJa. 

Total 
Albumin- 
ous 
Bodies. 

Ser- 
globullo. 

Ser- 
albumin. 

Lecithin, 
Fm. 

Bui  ta,  etc. 

15.88 

Ser- 
KtobuliD 

Ser- 
albumin. 

Autiiorilj. 

Man... 

92.07 

76.20 

81.04 

45.10 

1 
1.6 

Hahuabstxh  * 

Horse . . 

85.97 

73.57 

45.65 

26.93 

13.40 

1 
0.591 

'■ 

Ox 

89.65 

74.99 

41.69 

38.80 

14.66 

1 

0.842 

" 

Dog. . . . 

58.20 

20.50 

87.70 

1 
1.8 

Saltiou  ' 

Hen.... 

54.00 

39.49 

7.84 

31.65 

14.51 

1 
4.03 

flAHHABSTBir 

Frog... 

25.40 

21.80 

3.60 

I 
0.165 

Haij^ibcrtos' 

Eel    ... 

67.30 

53.80 

14.50 

■   ■•■ 

I 
0.275 

'■ 

According  to  Hallibcrtos,  the  amonnt  of  the  albumins  ia 
comparison  with  the  globulins  in  cold-blooded  animals  is  not  onlj 
proportionally  smaller,  bnt  the  total  amoant  of  albnminoQs  bodies 
is  smaller  than  in  the  warm-blooded  animals. 

Ry  a  comparative  investigation  of  serum  and  plasma  from  the 
same  individaal,  we  find    more  serglobuUn   in  the  one  than  in 

'  Pflnger's  Archiv,  Bd.  17. 

^  Ibid. 

>  Du  Bois-ReTmond'B  AnblT,  1881,  S.  87S. 

Woom.  ot  PhjatoU  ▼-*  T.  hl  U»-«l. 


the  uther.  The  remon  for  this  may  lie  partly  in  the  Tiict  that  hi 
the  cOKgalatiou  of  librJn  fruiii  tho  (ibriiiogoii  sotDe  tibrin-globaliti  \a 
formed  which  in  tlio  'juitnlitutnc  ustiiiiutioii  i&  precipiUUiil  with  the 
serglobulin,  and  partly  bocatise  the  white  curptiitoles  yield  eerglobn- 
lin  in  the  ilbriu  onagiitiitioti  (Am^:^.  S<'iiiiii)T). 

The  qnaiility  of  mtncnil  bodicuj  in  the  serom  has  beeo  deter- 
mined by  many  InTotitij^tonL 

(The  coDRlD«ioii»  rjmwu  from  the  annlysos  is  ttint  there  exiRts  ft 
rather  close  corrMpondenco  betwcou  human  and  animal  blood- 
sejmm,  and  it  is  tliereforc  snfticiont  to  give  here  the  analygla  of 
C.  Schmidt'  of  (1)  human  blood,  iind  of  ('i)  pig-  and  (H)  ox-blood 

■  by  Bl'xok.*  As  in  the  calcination  of  lecithin  and  proteida  incor- 
rect rosalts  are  obtained  for  the  phosphoric  and  Hulphnric  acids, 
then  reenlts  will  not  be  given  holow.  All  Hguros  oorn»pond  to 
1000  puts  of  Berom. 

B  13  8 

■  K.0 0.807-0.401  O.Vn  0.S54 

■  1W> 4.SM>-4.2&0  4.in  4.831 

^^^^^       CI s.se^s.ou        a. 611        8.7it 

^^^^B       CkO 0.15&-U.1&6         o.i»        n  ISO 

^^^^H         HgO O.lVl 0.088  0.M9 

^^V  rViO. o.ou        o.oti 

■  The  amoont  of  N'aCI  is  nbont  6  p.  tn.,  and  it  is  remarkable  that 
this  amoQDt  of  NaCI  remnins  almost  constant,  so  that  with  food 
containing  an  exce>88  of  N'h<'1  it  18  quickly  eliminated  by  the  nrine. 
and  with  fo<xI  poor  in  chlnrideti  the  umodnt  in  the  blood  fim 
decreases,  bnt  increases  after  taking  chlorides  from  the  tissnes.  The 
aecretion  of  chlorides  by  the  urine  is  thereby  dimiiiittheil. 

I  The  amnant  of  pboepboric  acid,  oalcnliite.r  an  Na,HPO,,  in  the 
semni  freed  from  lecithin  has  been  iletermriieil  an  0.0'3-0.C1)  p.  m, 
hy  Sbbtoi-i'  and  MKorzKOWSKi'  in  different  varietioa  of  seram. 
The  iiniall  amonntof  iron  sometimes  fonnd  in  the  sertini  probably 
onginatw  from  a  contamination  with  the  blood -coloring  matters. 

<  Ch.  Happe-3«Tler'fl  Physiol.  Chvm.,  1881,  8.  430. 

•ZefMcbr.  f.  Biolo^ie,  Bd.  12.  3.  dOe-308. 

*  Hopp«-S«7ler'a  Med.  obeni.  UniurBncb..  R.  3S0. 

«  C^otr&lbL  f.  d.  mod.  WisaenKb. .  1878,  No.  SO. 
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II.  The  Forin-eleiueuts  of  the  Bloou. 

The  Bed  Blood-corptucles. 

The  blood-corpuscles  are  round,  biconcare  disks  vithoat  mem- 
Itrane  and  naclens  in  man  and  mammalia  (witti  the  exception  of  the 
llama,  the  camel,  and  their  congeners).  In  the  latter  animals,  as 
also  in  birds,  amphibia,  and  fishes  (with  the  exception  of  the 
cycloatoma),  the  corpuscles  have  in  general  a  naclens,  are  biconvei 
iiiid  more  or  less  elliptical.  The  size  varies  in  different  animals. 
In  man  they  have  an  average  diameter  of  7  to  8  //  (/i  =  0.001 
mm.)  and  a  maximum  thickness  of  1.9;/.  The  volume  of  a  single 
red  corpuscle  of  a  horse  amonnts  to  0.00000003858  c.mm.  and  of 
ji  pig  0.0000000435  c.mm.  (Wendelstadt  and  L.  Blbibteev '). 
Tlie  weight  of  a  red  corpuscle  of  a  horse  is,  according  to  the  same 
investigators,  0.00000004307  mg.  Their  specific  gravity  is  1.088 
to  1.105.  They  are  heavier  than  tlie  blood-plasma  or  serum,  and 
therefore  sink  in  these  liquids.  In  the  discharged  blood  they  may 
lie  sometimes  with  their  flat  surfaces  together,  forming  a  cylinder 
like  &  roll  of  coin.  The  reason  for  this  is  unknown,  bnt  as  it  may 
bt'  observed  in  defibrinated  blood  it  seems  probable  that  the  forma- 
tion nf  fibrin  haa  nothing  to  do  with  it.  Seen  with  the  micnwcope, 
eiich  blood-corpuscle  has  a  pale  yellow  color,  and  only  in  moderately 
thick  layers  is  the  color  somewhat  reddish. 

The  number  of  red  blood -corpuscles  ia  different  in  the  blood  of 
various  animals.  In  the  blood  of  man  there  are  generally  5  million 
red  corpnscles  in  1  c.mm.,  and  in  woman  4  to  4.5  million. 

On  diluting  the  blood  with  water  and  alternately  freezing  ani 
tliawing  it,  as  also  on  shaking  it  with  ether,  or  by  the  action  of 
cliloroform  or  bile,  a  remarkable  change  takes  place.  The  blood- 
coloring  matters,  which  are  Jiardly  free  in  tiie  blood -corpuscles,  but 
rather,  according  to  the  view  of  IIoppe-Seylkii,  are  combined  with 
some  other  substance,  perhaps  lecithin,  are  by  this  moans  set  free 
from  these  combinations  and  pass  into  solution,  while  the  remainder 
of  each  blood-corpiiscle  forms  a  swollen  mass.  By  the  action  of 
carbon  dioxide,  by  the  eareful  addition  of  acids,  acid  salts,  tincture 
of  iodine,  or  certiiin  other  bodies,  this  residue,  rich  in  albnmia, 
urtiideu^es  am!  iu  many  cases  the  form  of  the  blood -corpuscles  may 

'  I'fiQger'B  ArohlT.  Bd.  S8, 


8TR0VA. 


139 


kin  obtHined.  This  raeidiie  liaa  been  culleil  the  strntna  of  tho 
rod  blotMl-corpnBcloa. 

To  molate  the  stromata  of  the  blood-oorpoaoleB  the;  aro  washed 
first  by  dilating  the  blood  with  lO-iJf)  Tola,  of  a  i-^%  oomnion-aalt 
solution  and  then  spparating  the  mixtnre  by  rentrifngal  force  or  by 
oUoving  it  to  stand  at  »  low  temperature.  This  ia  repeated  a  few 
times  nntil  the  blood'Corpnsclea  arc  freed  from  sernm.  These 
pnrified  blood-corpnai'les  are,  acconling  to  Wooldbhwib,  mixed 
vitli  5-(>  Tols.  of  water  and  then  a  little  ether  is  added  nntil  com- 
plete aotation  is  obtained.  The  lencooytee  grudnally  settle  to  the 
boironi.  a  movement  which  may  be  accelerated  by  centrifngal  foree^ 
otid  the  liqaid  which  separates  therefrom  is  very  oarefnlly  treated 
with  a  \%  solntion  of  KtlSO,  nntil  it  ia  abont  aa  dense  as  the 
ori^iual  blood.  The  separated  stroniata  are  collected  on  a  filter 
and  t|uickly  washed. 

WoOUiRiiHiR'  fr»nnd  as  constitnents  of  the  stroma  UHihiH^ 
ehoU»terin^  nurifoalhumtn,  and  a  glohuUn  which,  aci-^ording  tO' 
Halliburton,  is  probably  a  iiucleoproteid  which  he  calls  c«U- 
fflobulin.  No  nuclein  snbstances  or  somlbnmin  or  albamnBe.<)  conld 
be  detected  by  lUi.i.iiirftTox  and  Fnicvn.'  Thn  nnrleated  red 
blood -co  r}>nBclM  of  the  bird  contain,  according  to  Vijohz  and 
Hoppe-Sbylrr,'  itfirleiR  and  an  albnminous  body  which  swells  to  a 
slimy  maaa  in  a  ic)<  common-»alt  solution,  and  which  seems  to  be 
closely  related  to  the  hyaline  substance  [hyaiine  snlgt»n<x  of 
RoviDA)  occurring  in  the  lymph-cells.  The  red  blood -co  riniscles 
witliout  any  naclens  ore,  a»  a  rule,  very  jioor  in  proteiil  but  are  rich 
in  lisemoglobin;  tlie  nncleated  corpuaclea  are  riclier  in  prot«id  and 
poorer  in  hemoglobin. 

A  gelntinouit.  libriti-Hke  proteid  body  may  be  obtained  from  iho 
red  blood -corpuscles  under  certain  circanistauoes.  This  librio-like 
miss  baa  been  observed  on  freezing  and  then  thawing  the  sediment 
of  the  blood -corpasdes,  or  on  discharging  the  spark  from  a  large 
Leyden  jar  tbrougli  the  blood,  or  on  dissolving  the  blood -corpuBctes 
of  one  kind  of  animal  in  the  mnxm  of  another  (Laxdois,  atroma- 
jf^rm*).  In  nune  uf  the^e  cases  ha«  it  been  giuiwii  tliat  we  h»vv  U> 
deal  with  a  fibrin  formation  at  the  expense  of  the  stroma,    it  seems 

'  Bo  n-iiK-RcTiiioml's  Ajehl*.  1881.  S.  887. 

)  ioitrual  at  Physiol,,  Vul.  10. 

'  HojiiK-SfylHr'n  Mini.  clmm.  UnUTHneli.,  8.  ."(10. 

*  iViitrnlbl   f.  <1.  Euvil.  WuHwotcli..  1874,  H.  431. 
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only  to  have  been  shown  that  the  red  blood-corpuscles  of  frog's 
blood  contain  fibrinogen  {Alex.  Schmidt  and  Semmer'). 

The  mineral  bodies  of  the  red  corpuscles  are  chiefly  potasainm, 
pliosphoric  acid,  and  chlorine;  in  the  red  corpuscles  of  man,  the 
dog,  and  the  ox  sodium  haa  also  been  found. 

Tlie  most  important  constitnect  of  the  blood •corpascles  from  a 
physiological  standpoint  is  the  red  coloring  matter. 

Blood-coloring  Hatters. 

According  to  Hoppe-Seylek'  the  coloring  matter  of  the  red 
blood-corpuscles  is  not  in  a  free  state,  but  combined  with  some  otoer 
substance.  The  crystalline  coloring  matter,  the  hwrnoglobin  or 
oxyhremoglobin,  which  may  be  isolated  from  the  blood,  is  con- 
sidered, according  to  IIoppe-Seyler,  as  a  cleavage  product  of  this 
combination,  and  it  acts  in  mauy  ways  unlike  the  questionable  com- 
bination itself.  This  combination  is  insoluble  in  water  and  nncrys- 
tallizable.  It  strongly  decomposes  hydrogen  peroxide  without  being 
oxidized  itself;  it  shows  a  greater  resistance  to  certain  chemical 
reagents  (as  potassium  ferricyanide)  than  the  free  coloring  matter, 
and  lastly  it  gives  off  its  loosely  combined  oxygen  much  more  easily 
in  vacuum  than  the  free  pigment.  To  distinguish  between  the 
cleavage  products,  the  hemoglobin  and  the  oxyhemoglobin, 
IIoppe-Seyleu'  calls  the  combination  of  the  blood-coloring  matter 
of  the  venous  blood-corpuscles  phlehin,  and  that  of  the  arterial 
arlerin.  Since  the  above-mentioned  combinatiou  of  the  blood- 
coloring  matters  with  other  bodies,  for  example  (if  they  really  do 
exist)  with  lecithin,  have  not  been  closely  studied,  the  frfUowing 
statements  will  only  apply  to  tlie  free  pigment,  the  hemoglobin. 

The  color  of  the  blood  depends  in  part  on  h(umoglobin  or  pseudo- 
h(Bmof)lohm  (see  below),  and  in  part  on  a  molecular  combination  of 
this  with  oxygen,  the  oxyh(B>noglobin.  We  find  in  blood  after 
asphyxiation  almost  exclusively  hsemoglobin  and  pseudo-hremo- 
globin,  in  arterial  blood  disproportionately  large  amounts  of  oiy- 
hremoglobin,  and  in  venous  blood  a  mixture  of  both.  Blood-color- 
ing matters  are  found  also  in  striated  as  well  as  in  certain  smooth 
nuiscles,  and  lastly  in  solution  in  different  invertebrates.  The 
quantity  of  luemoglobin  in  human  blood  may  indeed  be  somewhat 

'  Alex.  Scliinidt  in  PflQger's  Arcliiv.  Bd.  11,  8.  650-559. 

*  ZttitscLr.  f.  physiol.  Oliem.,  Bd.  18. 

*  Ibid.,  S.  495. 
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gamble  iioder  different  circnmatances,  bnt  amonnta  areraj^ing 
about  14,<ti  or  s.5  {imnnnes  bnTe  been  iletermined  for  each  kilo  of 
the  weight  of  the  body. 

Ua^moglobiu  belongs  to  tlie  ^ronp  of  coin])onn(l  protoids,  aud 
}'teldii  as  cleavage  pmdticts,  beaides  verv  gmnll  amounts  of  volatile 
fatty  acids  and  other  iMjdies,  cliiefly /ro/fJirf  {fl*>^)  and  a  coloriug 
matter,  htemwhromogat  (4*),  containing  iron,  which  in  the  pre«- 
eace  of  oxygen  is  easily  oxidizocl  into  hfvmaUn. 

Tlie  hemoglobin  prepnreil  from  different  kindii  of  bloo<l  has 
not  exHctly  the  sunie  composition,  which  seems  to  imlinate  the 
preMrice  of  different  hwrnoglobing.  Tlie  anslyses  of  different 
inTestigators  of  the  biemoglobin  from  the  same  kind  of  blood  do 
not  always  agree  with  one  another,  which  prolmbly  depends  niton 
the  eomewhat  rarious  methods  of  prepanttioo.  The  following 
analyiice  are  given  as  examples  of  tbe  constitution  of  different 
hemoglobins: 

HKUMgluUu 

from  tbc 
Oog 


Hocae 
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S8.8& 
54.17 
M.87 
M  15 

M  i; 

M.71 
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iplR  54 
Sqntml..  M  0» 

UooM &4:» 

H«i 52  47 


II          N  B  Fa        O  P,CI, 

7.S3  16-17  0.aBO  0.4:!U  21  M  (norrK-Bcn.ER') 

7.22  1«.!W  0.508  0.;KHI  20  93  (J  *iji.  KT'J 

6.M  nSl  0.W0  0.470  19.T8  fKt.rt»KL») 

6  76  ITS*  0.81)0  0.a»r>  2^.4»  .  . . .  ('/.inokki^kt') 

7.'i5  17.70  0.447  0.40«  1H.M8  .    . . .  (HtoKK^l 

7.S8  18.-.'8  0.«e0  0.480  21.360  \_Ot\M*) 

73H  1743  0.470  0.899  IBUtW      . .. .  (lli:FMCTt) 

7.»6  llt7B  OSBO  0.48E>  miWO  (HofrK-SKYi.BH) 

7.80  10.00  0.400  O.SOO  31440  

7.10  111.31  0  540  0  4S0  atl  (5fl«l  0.77                 " 

7.10  18.45  0.857  0.335  X'.oOO  0.107  (JaQDKT) 


The  qoeetion  whether  the  amonnt  of  phosphorn*  in  the  hamo- 
globin  from  birds  exists  as  a  contamination  or  as  a  constituent  has 
not  been  decided.  Aocortling  to  Inoko'  the  hmmoglohiu  from 
gooae's  blowl  coueista  of  a  combination  between  nucloic  &L-id  and 
ha;n»ogIobin.  In  the  hsemoglobin  from  tbe  horse  (Zinopfskt), 
the  pig,  and  the  ox  (HCpker)  we  have  I  atom  of  iron  to  2  atoms 
ofsalpbor,  while  in  the  hsemoglobin  from  the  dog  (JAyrET)  the 
nl&tioD  is  1  to  3.     From  the  data  of  the  elementary  analysis,  as 

t  M«(l.  rfaom.  Unterttich.,  S.  VTO. 

•  i!«ltAcl)r.  f.  pliyxwl.  Chctti..  Bd.  14.  H.  380. 

•  /M..  Bd.  2.  8.  150. 

•  Ihid..  B(l.  10. 
>  Bettr.  s.  Pbjrsuil.,  Fntsolir.  r.  C.  Ladwig,  1887,  S.  74^1. 

•  Z«it»cl>r.  f.  plifsiol.  ChfliD.,  Bd.  7,  S.  61. 

•  H»id..  IW.  16. 
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iiIho  fnini  tlic  umoniit  of  looaely  combined  oxygen,  HCfxer'  has 
ritloiilaUnl  Lho  innlecnlur  woiglit  of  dog-hemoglobin  as  14:,I20  and 
tlin  foniDilii  l',„II,„»N„jFoS,(),j,.  Tlie  molecular  weight  is  there- 
font  TiTV  high.  The  hiviiioglubin  from  rurioiis  kinds  of  blood  not 
niily  8h()\VK  a  diveni*  runstitntion,  but  also  a  dttlcrent  solnhilitj  and 
rrystallini*  form,  and  a  Tiin-iug  qmintity  of  water  of  crystallization; 
\w\\w  wo  iiifiT  that  thon.'  are  soveml  kinds  of  hfenioglobin. 

Itoiiii*  is  a  Ycrv  zi'iiloiiti  advwate  of  this  snp|M)sition.  He  has 
biH'n  alili>  t-o  obtain  bivmoglobin  from  dog  and  horse  blood,  by 
fnu'tinniil  cryeihiUiKntion.  which  had  ditlorctit  power  of  combining 
with  oxygiMi  and  (.'Oiitainin;;  dilToroiit  quantities  of  iron.  Hoppe- 
Sk\i.i:h*  liiul  already  itrepared  two  different  forms  of  hemoglobin 
orvtitab  fntin  horsi^'a  bUnMl,  and  Hon  it  concludes  from  a  collectioa 
of  thrao  olmTvations  that  the  ordinary  h;t?moglobiu  consists  of  a 
mixture  of  ditTerent  hivmoglobins.  In  op]K>sition  to  this  state- 
ment lli'V'NKK*  li:i9  shown  that  only  one  hn^moglobin  exists  in  oi 
MihhI.  ami  that  this  is  probably  true  for  the  blood  of  many  other 
animals. 

Oxyh«m<^lobin.  which  has  also  l>eeu  calletl  H.EMATOGiOBruy 
or  n.i:M.vTi»iiiVST\i.i.iv.  is  a  moleonlar  combination  of  liivmoglobin 
and  o\yi:»>n.  For  each  niolecale  of  luemoirlobin  1  molecule  of 
ovvficn  »'\istis;  auil  the  amount  of  lix>sely  combined  oxygen  which 
is  tiniccd  to  1  j^rm.  h;vnioj:iiH';n  ^of  the  dog^  has  been  determined 
by  Hi  KNvi;  ;is  l.:U  c.c.  ^calculated  at  i'"  C  and  TvO  mm.  mer- 
cnrvl, 

i'.^i-r'.'    ■-■.•t;--.. '),  .:      >     »  .    »•  ;  *  ■■X,''  ".'..*  ™.v'.-    ;-.  .--.  '-^'-'v..^  tLe  Jan^e  Arifi.rr- 
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^•nivlupmoKlobin  in  a  «eided  tube  it  is  tTnnmformed  iuio  iI-oKyliW]iia){libia> 
aliliou)cli  ib«  clrruiutti«i>c«ui  of  tliU  cliuiiyu  ura  uol  ktiowu.  Accvniiiig  lo 
Uafn«r'  thaw  w  svlliiug  but  i  luixiuiv  vt  gvnuluc  xiid  I'irtly  rlvoomposed 
luemoglobias. 

The  ability  of  hccmoglobin  to  take  np  oxygen  seenu  to  be  a 
function  of  the  wm.  it  contains,  and  when  this  ts  caltmlatot]  as 
about  0.33-0. -lO:*,  then  1  ntom  of  iron  in  the  hwmoglobiri  corro- 
tpondfl  to  about  'I  atoms  =  1  molecule  of  oxygon.  The  combination 
at  hminoglobit)  with  oxygen  is,  ua  has  been  stated,  loose  and  dia* 
aociatable,  and  the  qimiitity  of  oxygen  taken  np  by  a  biemoglobin 
aolntiou  depends  upon  tlie  pressure  of  the  oxygen  iit  that  tempera* 
tare.  If  this  latter  be  decreased  by  means  of  a  vacuum,  eftpeoially 
on  gently  licfttiiig  or  by  pawing  mjiuc  incJiffereut  giw  through  the 
solution,  ftil  of  the  oxygen  may  be  expelled  front  fiu  oxylifemogJobin 
soloCion  80  that  only  hemoglobin  remains.  The  reverse  of  this  is 
tnie  of  a  h8etn<^lobin  solution  which  by  its  remarkablo  attraction 
for  oxygen  may  be  converted  into  oxyhjemoglobin.  Oxybtenioglobin 
m  generally  con»idere<l  a«  il  wenk  acid. 

Oxyhipmnglobin  has  been  obtained  in  pryatals  from  several 
Turieties  of  blood.  These  cryKtuIs  are  blood-red,  transparent,  silhy, 
luid  may  be  2-3  mm.  long.  The  oiyhiemoglobhi  from  BqairrBl's 
blood  ur)'8tatliKes  in  six'sided  plates  of  the  hexiigoud  system;  the 
other  rarieties  of  blood  yielJ  needle*,  prisms,  tetrahednt,  or  plates 
which  belong  to  the  rhombic  system.  The  quantity  of  water  of 
crystallization  varies  between  ;i-lO*  for  tlie  ditferent  cxyliatmo- 
globins.  Wlien  completely  dried  at  a  low  tem|>erature  over  sul- 
phuric acid  the  crystals  may  be  heated  to  110-116*  C.  without 
decomposing.  At  higher  temperatures,  somewhat  above  IfiO"  C, 
they  decompose,  giving  ati  Otior  of  bnrnt  horn,  antl  leave,  after 
complete  combastiou,  an  ash  consisting  of  oxide  of  iron.  The 
oiyhieritoglobin  cri-st.-Us  from  difficultly  crystal Hzuble  kinds  of 
blood,  for  example  from  such  as  ox's,  human,  and  pig's  WooJ,  are 
Brily  soluble  in  water.  The  oxyhiemoglobin  from  easily  crystal- 
Tttable  blood,  as  from  that  of  the  horse,  dog,  sqnirrel,  and  guinea- 
pig,  are  sohible  with  difticnlty  in  the  order  ftl)Ove  given.  The 
oxybwmoglobin  dissolves  more  easily  in  a  very  dilate  solution  of 
ftlkali  carbonate  than  in  pure  water,  and  this  solution  may  be  kept. 
The  presence  of  a  little  too  much  alkali  causes  the  oxyhsemoglobiu 
to  [jaiDldy  decompose.     The  crystals  are  insoluble  wlthoiit  deuolor- 

Du  Boi».It«jmoDd'9  Arvhiv,  ]3M. 
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ization  in  abaolote  alcohol.  According  to  Kencki,'  it  is  hereby- 
converted  into  an  isomeric  or  polymeric  modification,  called  by  him 
paraJmmoglobin.  Oiy haemoglobin  is  insoluble  in  ether,  chloroform, 
benzol,  and  carbon  disalphide. 

A  solation  of  oxyhBemoglobin  in  water  is  precipitated  by  many 
metallic  salts,  bnt  is  not  precipitated  by  sugar  of  lead  or  basic  lead 
acetate.  On  heating  the  watery  solution  it  decomposes  at  60°  to 
70°  C,  and  it  splits  off  proteid  and  hsniatin.  It  is  also  decom- 
posed by  acids,  alkalies,  and  many  metallic  salts.  It  gives  the 
ordinary  reactions  for  proteids  with  the  ordinary  proteid  reagents 
which  first  decompose  the  oxyha?moglobin  with  the  splitting  ofE  of 
proteid. 

The  oxyhaemoglobin  may,  when  it  is  gradually  oxidized,  act  as 
au  "  ozone  exciter  "  by  the  decomposition  of  nentral  oxygen,  con- 
verting it  into  active  oxygen  (PflCger').  It  may  also  have  another 
relation  to  ozone,  since  it  has  the  property  of  an  "  ozone  trans- 
mitter" in  that  it  causes  the  reaction  of  certain  reagents  (turpen- 
tine) containing  ozone  upon  ozoue  reagents  such  aa  tincture  of 
gnaiacuni. 

A  sufficiently  dilute  solation  of  oxyhemoglobin  or  arterial  blood 
tiliows  a  spectrum  with  two  absorption-bands  between  the  Fraun- 
iiOFEU  lines  D  and  E.  The  one  band,  «,  which  is  narrower  but 
darker  and  sharper,  lies  on  the  line  I);  the  other,  broader,  less 
defined  and  less  dark  bund,  y3,  lies  at  E.  These  bands  can  be 
detected  in  a  layer  of  I  cm.  thick  of  a  0.1  p.  m.  solution  of 
oxyh.-ynioglobin.  In  a  still  weaker  dilution  the  band  yS  first  dis- 
appears. By  increased  concentration  of  the  solution  the  two  bands 
become  broader,  the  space  between  them  smaller  or  entirely  obliter- 
ated, and  at  the  same  time  the  blue  and  violet  part  of  the  apectrnm 
IS  darkened.  The  oxyhaemoglobin  may  be  diflerentiated  from  other 
coloring  matters  having  a  similar  absorption-spectrum  by  its 
behavior  towards  reducing  snbstances.     (See  below.) 

A  great  many  methods  have  been  proposed  for  the  preparation 
of  oxyhaemoglobin  crystals,  but  in  their  chief  features  they  all  agree 
with  tlie  following  method  as  suggested  by  Hoppe-Seyler*;  The 
washed  blood -corpuscles  (best  those  from  the  dog  or  the  horse)  are 
stirred  with  3  vols,   water  and  then  shaken  with  ether.     After 

■  Nenchi  and  Sieber,  Ber.  d.  deatsch.  chem.  Qeaellscli.,  Bd.  18. 

■  PfiU^r'H  AxcblT,  Bd.  10,  8.  253. 

■  Med.  cliem.  UDterauoh.,  B.  181. 


decanting  tho  ethorntul  aDowing  the  ether  which  la  retained  bv  the 
blooti  Bofntion  to  cvaporato  in  on  open  dish  in  tho  air,  coot  ihe 
filtered  Wood  aolation  to  0'  C,  aAH  while  Rtirrinj;  J  vol.  of  alcohol 
also  cooled,  and  allow  to  staud  a  few  day  a  at  —  5°  to  —  10°  C. 
The  crystalfl  whicli  eeparate  mav  be  repeutedly  rticrystalliKed  by 
disaolving  in  wuUir  uf  about  Hr>^  C,  cooling  and  adding  cooled 
alcohol  as  above.  Lastly,  tliey  are  washed  wit))  cooled  water  con- 
taining aloohol  (i  vol.  alcohol)  and  dried  in  vacnom  at  0*  C.  or  a 
lower  temneratnre.  According  to  (i.sri{p,ir>i.F.x's '  inveitlgationfl, 
oxyliu^moglobiu  cr^staU  may  be  obtained  from  diflicultlj  crystollix- 
abie  Tariotiee  of  blood  by  altowiug  the  blood  tiret  to  putrefy  slightly 
in  seabd  lubea.  After  shaking  with  air  by  which  the  blood  is  again 
•rterialiKed,  proce&il  aa  above. 

For  the  preparation  of  oxyhtcmoglobin  crystals  in  email  qoantU 
tioe  from  blood  easily  crystalltzed,  it  is  often  snITicient  to  stir  a  drop 
of  blood  with  a  little  water  on  a  microscape  Klido  and  allow  the 
miiture  to  evaporaie  an  that  the  drop  ib  Hurrounded  by  a  dried  ring. 
After  corering  with  a  thin  glasa,  the  cryatals  gradually  appear 
mdiating  froin  the  ring.  These  cryRtols  are  formed  in  a  rtnrer 
manner  if  the  blood  in  ^rst  mixed  with  some  water  in  a  t«it-tnbo 
and  shaken  with  ether  and  a  drop  of  the  lower  deep-colored  liqciid 
treated  an  above  on  the  alide. 

HsBmoglobin,  ah»o  called  itKinirEn  u.«wani^niN  or  itbplb 
CBl'ORiN  (.Stokk);  '),  occtira  only  in  very  auiall  <iuuutities  in  art«rial 
blood,  iu  larger  quantities  in  Tenona  blood,  and  is  nearly  the  oalf 
blootl-coloring  matter  after  asphyxiation. 

llivmoglobin  is  much  more  soluble  titan  Uie  oxThwmogtobin« 
and  It  call  therefore  only  be  obtained  m  crystals  with  difbculty. 
ThaM  crystals  are  aa  a  rnle  isomorphous  to  the  corrospondiug 
oxyhieinogtobin  cryatala,  but  am  darker,  having  a  shade  towards 
bine  or  purple,  and  are  decidedly  more  pleocliroraatic.  Its  solu- 
tioDa  in  water  are  darker  and  more  violet  or  porplisb  than  sohttious 
of  oxybiemoglobin  of  the  mam  concentration.  They  ulxjorb  tho 
blao  and  the  violet  rays  of  the  spectrnm  m  a  tees  marked  degroo^ 
bat  Rtrongly  abmrh  the  rays  lying  between  C  and  O.  In  proper 
dilation  the  eolntiou  showii  a  spectrum  with  one  broad,  not  sharply 
defined  band  Iwtween  D  and  E.  This  band  does  not  tic  in  tho 
middle  between  D  and  £,  but  ie  towards  the  red  end  of  the 
•pectrnro,  a  little  over  the  line  D.  A  hafmoglobin  solution  actively 
ab<torb(i  oxygen  from  the  air  and  is  converted  iuto  an  uxybiemo- 
glubtn  Eiolatiou. 

•  Patlg^r-H  Awhiv,  Bd   l«. 

<  PiaiMV}>Llcal  Ma^'iulnv.  Vd.  S8,  Ko.  100,  Nov.  ISM. 
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A  solation  of  oxyhfemoglobin  may  be  easily  conTcrted  iuto  a 
solntion  having  the  spectrum  of  hsemoglobin  by  me&DS  of  a  Tacuum, 
by  paeeing  an  indifferent  gas  throngh  it,  or  by  the  addition  of  a 
reducing  anbatance,  as,  for  example,  an  ammoniacal  fernvtartarte 
solution  (Stokes'  reduction-liquid).  If  an  oxyhsemoglobin  solution 
or  arterial  blood  is  kept  in  a  sealed  tube,  we  observe  a  gradual 
consumptioQ  ot  oxygen  and  a  reduction  of  the  oxyhsemoglobin  into 
hsemoglobin.  If  the  solution  has  a  proper  coucentmtion,  a  crystal- 
lization of  hfemoglobin  may  occur  in  the  tube  at  lower  temperatures 
(Hupnee'). 

Psendohsmoglobm.  Ludwig  and  Siegfried*  have  observed 
that  blood  which  has  been  reduced  by  hypounlphites  so  completely 
that  the  oxy haemoglobin  spectrum  disappears  and  only  the  h^nii^- 
globin  spectrum  is  seen  yields  large  amounts  of  oxygen  when 
exposed  to  a  vacuum.  Blood  which  has  been  reduced  by  the 
passage  of  a  stream  of  hydrogen  through  it  until  the  oxyhsemo- 
globiu  spectrum  disappears  acts  in  the  same  manner.  Hence  a 
loose  combination  of  haemoglobin  and  oxygen  exists  which  gives 
the  haemoglobin  spectmm,  and  this  combination  is  called  pseudo- 
haemoglobin  by  LunwiG  and  Siegfuied.  PseudohBemoglobin, 
whose  presence  has  been  detected  in  asphyxiation  blood  from  dogs, 
is  considered  by  the  ArxHOR  as  an  intermediate  step  between 
haamoglobin  and  oiyhBemoglohin,  on  the  reduction  of  the  latter. 

Methsemoglobin.  This  name  has  been  given  to  a  coloring 
matter  whicli  is  easily  obtained  from  oxyhaemoglobin  as  a  trans- 
formation product  and  which  has  been  correspondingly  found  in 
transudations  and  cystic  fluids  containing  blood,  in  urine,  in 
hBBmaturittor  haemoglobinuria,  also  in  urine  and  blood  on  poisoning 
with  potassium  chlorate,  aniyl  nitrite  or  alkali  nitrite,  and  many 
other  bodies. 

Metliiemoglobiu  does  not  contain  any  oxygen  in  molecular  or 
dissociable  combination,  but  still  the  oxygen  seems  to  be  of  impor- 
tance in  the  formation  of  methffimoglobin,  because  it  is  formed  from 
oxy haemoglobin  in  the  absence  of  oxygen  or  oxidizing  agents,  and 
not  from  hromoglobin.  If  arterial  blood  be  sealed  up  in  a  tube, 
it  gradually  consume  its  oxygen  and  becomes  venous,  and  by  this 
absorption  of  oxygen  a  little  methiemoglobin  is  formed.  The  same 
occurs  on  the  addition  of  a  small  quantity  of  acid  to  the  blood. 

•  Zeitschr.  f.  plifBiol.  Chem..  Bd.  4,  S.  382. 

■  Da  BolB-RflTmoad'B  Archiv,  1890 ;  also  see  Ivo  Novi,  PflQgflr'B  Arcliir, 
Bd.  M. 
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Bj'  tlid  KpuuUiieous  decompositioD  of  blood  some  metliEemoglobiD 
U  formed,  uiid  by  the  itctioii  of  ozone,  potas«itim  ppmiangunftte, 
potassiam  ferrieyunido,  cliJomtes,  nitrites,  nitrobenzol,  pyrogallol, 
pyrocatecUiDT  acetauiliJ,  uud  certain  other  bodies  on  tlie  blood  an 
Nbuuduut  foruiutiou  of  motUsemoglubiu  tttkes  pluce. 

According  to  tUe  investigations  of  UCfneic,  Kulz,  mid  Ottu' 
methienioglobtD  contains  just  as  much  oxygon  as  oxyliasmoglobin. 
Init  it  ii  more  strongly  combined.  JaoeAuolm*  and  !SAA.itBAC'ii* 
claim  tliHt  a  nietli?eiQoglobiu  solution  u  tint  converted  iutv  an 
oxybaenK^lobin  and  then  into*  Iiwnioglobin  solution  by  reducing 
gabetances,  while  Hopi>E-$BYi,eK  u-nd  Akaki  *  claim  that  it  is  con* 
verted  directly  into  a  hoimoglobin  soliitioD. 

Mothffimoglobin  has  the  same  constitution  as  oxyha>mogIobiu 
(ilfJFXEB  and  Otto).  It  was  first  shown  by  them  thut  it  cryslal- 
lisea  in  brownish-red  needles,  prisms,  or  six-sided  plates.  It  dis- 
solves easily  in  water;  the  eolation  has  a  brown  color  and  Incomes 
A  bettntifnl  red  on  the  addition  of  alkali.  The  solution  of  the  pure 
sabstttDce  is  not  precipitated  by  biusic  lead  acetate  alone,  but  by 
buio  Imd  acetate  and  nmmonia.  The  absorption-fipectnini  of  a 
watery  or  acidified  solution  of  niethwmoglobin  is,  according  to 
Jauebuulm  and  IIiuiti.v-Sanb,'  very  similar  to  tliat  of  htematin  in 
acid  aolntion,  but  is  easily  dlstingnished  fn>ni  the  hitter  since,  on 
tha  addition  of  a  little  alkali  and  a  reducing  subetuncc,  the  former 
psnnnn  over  to  the  spectrum  of  reduced  hmmoglubin,  while  a 
hiemutin  solution  otidor  the  same  conditions  gives  the  spectrnni  of 
an  alkaline  heemochromogen  solution  [see  below).  Methainiuglobin 
in  alkaline  solution  shows  two  fihsorptiou-lmndH  which  are  like  tlie 
two  oxyhfBmoglobin  Inuidts  but  they  differ  from  those  In  thut  the 
bund  fi  is  stronger  than  a.  liy  the  side  of  the  bund  a  and  united 
with  it  by  a  shadow  ties  a  third,  faiiiLer  band  tietwoen  C  and  /J, 
near  to  D.  According  to  other  investigators.  Akaki  and  Dit- 
TRICB,*  a  nentrtd  or  faintly  tun<i  mothaimoglobin  solution  ahows 
only  one  characteristic  band  a  between  C  and  D,  and  the  sooond 


■  Z«itMhr.  f.  phTRJol.  Ch<>iii..  Bd.  7. 

*  NoH.  mnd.  Ar'kiv.  Dd   16.  ititd  Zeiuohr.  f.  Biolo^e,  Bd.  16. 
»  PaOg»T-«  Arcliiw.  Bd.  28- 

*  ifeiiKlir.  (   physiol   (.'hcta.,  Bd.  14. 

*  Coiupl.  ntoil  .  Toam  10$. 

"*  Arch   f.  exp.  Pub.  u.  Pbanu.,  Bd.  29.     Importani  reCeranoea  od  meliuB- 
mo^blD  arri  f^fven  bjr  OtUi,  PflOgor'H  Anbiv,  Bd.  31. 
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baud   between   D    and   E  is    only   due    to    contamination   with 
oxyhsB  nioglobi  n . 

Crystallized  methsemoglobin  may  be  easily  obtained  by  treating 
a  concentnvted  soIutioD  of  ozybsemoglobin  with  a  saflScient  qnantity 
of  concentrated  potassium  ferricyanide  solution  to  g^ve  the  mixture 
A  porter-brown  color.  After  cooling  to  0°  C.  add  i  vol.  cooled 
alcohol  and  allow  the  mixture  to  stand  a  few  days  in  the  cold.  The 
crystals  may  be  easily  purified  by  recrystalUzing  from  water  by  the 
addition  of  alcohol. 

Carbon  Monoxide  Heemoglobin '  is  the  molecular  combination 
between  1  mol.  htemoglobiu  and  1  mol.  CO.  This  combination  is 
stronger  than  the  oxygen  combination  of  haemoglobin.  The  oxygen 
is  for  this  reason  easily  driven  o3  by  carbon  monoxide,  and  thia 
explains  the  poisonous  action  of  carbon  monoxide,  which  kills  by. 
the  expulsion  of  the  oxygen  of  the  blood.  Hufnek'  has  dete> 
mined  the  dissociation  constant  of  carbon-monoxide  hsemoglobin 
and  finds  it  equal  to  0.074  for  a  solution  containing  on  an  aTorage 
11  gm.  in  100  c.c.  at  a  temperature  of  32.7°  C.  The  dissociation 
constant  of  carbon  monoxide  haemoglobin  is  hence  about  33  times 
smaller  than  that  of  oxy haemoglobin  under  nearly  the  same  condi- 
tions (-fi'for  oxyhiemoglobin  =  "^,44). 

Carbon  monoxide  haemoglobin  is  formed  by  saturating  blood  or 
a  htemoglohin  solution  with  carbon  monoxide,  and  may  be  obtained 
as  crystals  by  the  same  means  as  oxyh  hemoglobin.  These  crystals 
are  isomorphous  to  the  oxyh tern ogl obi n  crystals,  but  are  less  soluble 
and  more  stable,  and  their  bluish-red  color  is  more  marked.  For 
the  detection  of  carbon-monoxide  haemoglobin  its  absorption  spec- 
trum is  of  the  greatest  importiince.  This  spectrum  shows  two 
bands  which  are  very  similar  to  those  of  oxyha^moglohin,  but  they 
occur  more  towards  the  violet  part  of  the  spectrum.  These  bands 
do  not  change  noticeably  on  the  addition  of  reducing  substances; 
this  constitutes  an  important  difference  between  carbon  monoxide 
and  oxy haemoglobin.  If  the  blood  contains  oxyhjemoglobin  and 
carbon-monoxide  hsemoglohin  at  the  same  time,  we  obtain  on  the 
addition  of  a  reducing  substance  (ammoniacal  ferrotartrate  solution) 
a  mixed  spectrum  originating  from  the  haemoglobin  and  carbon- 
monoxide  hoemoglobin. 

■  In  reference  to  carbon  raoooxide  liEemoglnbin  nee  especially  Hoppe-Seyler, 
Med.  cliem.  Umeraucli..  S.  201;  Ceatralbl.  f.  d.  med,  WLwenscb.,  1864  and  I86S; 
Zeitscbr.  f.  phystol.  Cliem.,  Bdd.  1  uid  IS. 

■  Da  Bois-ReymoDd's  Archiv,  Pbjsiol.  Abtb.,  1896. 


CAitmjF  DroxrDK  u.fistoGLOBnr. 


m 


\t  many  reantinnn  have  been  mi^gestcd  for  tfae  detection  of 
>n-inonoxi<]o  hjpmofrlobin  in  medico-legal  caws.  A  simple  and 
At  the  flame  time  a  goni)  ana  Ls  IIoppk-Skym'.r's  »ocla  te^t.  The 
blood  is  traAt«d  with  donhte  ita  volume  of  caiistio-eodA  solution  of 
1.3  Bp.  gr.,  by  which  ordinary  blood  in  converted  into  a  dingy 
browniih  mass,  which  when  opread  out  on  porcelain  is  brown  with 
■  shade  of  green.  Carbon-monoxide  blood  givM  under  the  saiiie 
oonditiona  a  red  mass,  which  if  apread  ont  on  [K>rcelain  shows  u 
bnatifnl  red  color.  Several  modifications  of  thin  test  hare  been 
praiKwed. 
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O^rboa  monozid*  iiieth«ni»^leMa  huA  bMii  piytparnl  b^  Wkh.  and  r.  Aitnrp ' 
by  tlip  anion  ot  pntn^Hiurn  [•eiiiitm^'xiinie  nn  curUin  iriuiiiixiil-'  hn-iii'>i.'l>it>ii].  but 
thia  isooulndicivd  by  Bkkti.n-Sans  &[i<I  Moim^tHiiiii.^  Sulphur  nietli»moflobiA 
is  thR  naini'' givnn  b;^  LIui-l'S-Slit^J.Rn'  la  that  foloriiij;  iiiuMit  wiii4.-li  i»  U<riiitHl 
by  thp  arlioti  of  ■uliiliiimtpii  liydrn^n  on  oxyliipninglohiii.  TIim  suiutlou  has 
a  gTvonish-Ktl,  dirty  culvr  and  oliuws  an  alffiiirptiun  Ijaod  in  tbo  ri-d.  Tbis 
MloriDf  matter  b  claimed  u>  ha  the  greenUb  color  s<«d  ou  llio  surface  uf  putr«- 
fjriug  lleab. 

Carbon  dioxide  EEemoglobin,  Carbohmmoglobm.  Ilsmoglobin, 
according  to  BoiiK  *  and  Tokui','  alao  forma  a  nmlecnlar  oombina- 
tion  with  carbon  dioxide  whose  Bpc^ctrnm  is  sitnilivr  to  that  of 
liBBmoglobin.  According  to  Bouk  there  arc  three  different  ctirbo- 
httmoglobinfl,  namely,  a-,  jS-,  and  ^-curbobfcmoglobin,  in  which 
I  gm.  combinas  with  rGspectively  1.5,  '\,  and  13  c.c.  CO,  (meianred 
at  0'  C.  and  7(iO  mm.)  at  -f  IS*  C  and  u  prcMiire  of  GU  mm. 
mercary.  If  a  hicmoglobin  aolntion  is  shaken  with  a  mixture  of 
oivgen  and  carbon  dioxide,  t!io  hienioglobin  (totnbine»(  loosely  with 
the  oxygen  as  well  as  carbon  dioxide,  independently  nf  each  other, 
juntas  if  each  gas  existed  alone  (Rciiiii).  Ke  consider  that  the 
two  gaKM  are  combined  with  diffoirnt  parts  or  the  hwinoglobin, 
DUnely,  the  oxygen  with  the  pigment  nncleus  ami  the  carbon  dioxide 
with  the  proteid  component.  Aocordin?  to  ToRtTP  ilie  hwmoKlobin 
mn^l  therefnre  be  partly  decomposeii  by  the  carbon  dioiide  setting 
free  some  protoid. 


<  t>a  BoiibUrTrannd'M  AkIiW,  1880. 
»  Compt,  rend,,  Toinn  118. 

*  Had.  clieoi.  Unt«nacli..  3. 151;  alao  see  .\raki.  Zeiieehr.  f.  pliyslol.  Cbem., 

Bd.14. 

*  "  ClndM  iur  Im  wmbmaiaons  da  aaod  avif  r«:ide  earlwnitiuo.'      (■':(tiiiil 
do  Ball,  lie  I'Acad   nanoUw^,  ISM.  alK>  C'etHfalbl.  f,  Fhy^io].,  Bd.  4.  Itffll). 

*  Mal5'»  Jabi«eber..  Bd.  17.  ».  m. 
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Xitric-oxide  HsBinoglobiii '  is  also  a  crystaUine  molecnlar  com- 
bination wliich  is  even  stronger  than  the  carbon -monoxide  haemo- 
globin. Its  sohition  shows  two  absorption-bands  wliich  are  paler 
anil  less  sharp  than  the  carbon- monoxide  hsBmoglobin  bands,  and 
thej-  do  not  disappear  on  the  addition  of  redncing  bodies. 

liH^moglnbin  also  forms  a  molecular  combiaation  with  acetylene,  Metbe- 
lUiiglobiD  solutiuDS  become  of  a  beautiful  red  color  by  tbe  action  of  hydrocyanic 
acid,  and,  according  to  KoBF:itT,*  eyanvietlufmogl^jin  ia  probably  tonned  Its 
i«pfctrum  is  very  similar  to  that  of  hiemoglobiu,  but  it  ia  not  converted  into 
oxyhtemogtobiQ  on  shaking  with  air. 

Decomposition  products  of  the  blood-coloring  matters.  By  ita 
decomposition  hsBmoglobin  yields,  as  above  stated,  %proteid,  which 
has  been  called  globiriy  and  a  ferraginoas  pigment  as  chief  products. 
If  the  decomposition  takes  place  in  the  absence  of  oxygen,  a  color- 
ing matter  is  obtained  which  ia  called  by  Hoppe-Seyler  hcBmo- 
chromogen,  by  other  investigators  (Stokes)  reduced  hmmatin.  In 
the  presence  of  oxygen,  hfemochromogen  is  quickly  oxidized  to 
lijcmatin,  and  we  therefore  obtain  in  this  case  hmmatin  as  a  colored 
decomposition  product.  As  hiemochromogen  is  easily  converted  by 
oxygen  into  lisematiu,  so  this  latter  may  be  reconverted  into  luemo- 
chromogen  by  reducing  substances. 

HeBmochromoj^en  was  discovered  by  Uoppe-Setler.*  He  has 
also  been  able  to  obtain  this  coloring  matter  as  crystals.  Haemo- 
chromogen  is,  according  to  IIoppe-Seyler,  the  colored  atomic 
group  of  hfemoglobin  and  its  combination  with  gases,  and  this 
atomic  group  is  combined  with  proteids  in  the  coloring  matter. 
The  characteristic  absorption  of  light  depends  on  the  hfemochromo- 
gen, and  it  is  also  this  atomic  group  which  binds  in  the  oxybeemo- 
globin  1  mol.  oxygen  and  in  the  carbon-monoxide  haemoglobin 
1  mol.  carbon  monoxide  with  I  atom  iron.  Hoppe-Seyler  baa 
observed  a  combination  between  htemochromogeQ  and  carbon  mon- 
oxide, and  this  combination  shows  the  spectral  appearance  of  carbon 
monoxide  hsemoglobin. 

An  alkaline  hiemochromogen  solatiou  has  a  beautifal  red  color. 
It  shows  two  absorption-bands,  first  described  by  Stokes,  of  which 
the  one  is  darker  and  lies  between  J)  and  E,  and  the  other,  broader 

'  Beo  HwmunD  and  Reichert  la  Da  Bois-Iieymond's  Arckiv,  1865,  and 
Hoppe-S«7l«r,  Had.  chem.  Uatersuch.,  S.  204. 

*  U«bv  CTUimathamofrlobiD  and  den  Nachweis  der  Blaasaare.     Stutt- 

Mhr.  1  l^iTltoL  Chem.,  Bd.  IS. 
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bat  not  so  (titrk,  corere  the  tiues  A'and  b.  lu  acid  Rotation  lisenio- 
chromoK""  shows  four  barnls,  which,  According  to  jAnERtioLir,' 
depend  on  a  mUtiiro  of  hseitiochroitiogen  and  haMnatoporjihv.'in 
(w*  below),  this  last  formed  by  a  partial  deoomposition  reaiiltitij; 
from  tlie  action  of  the  acid. 

Flffitnochroningun  ruiiy  he  iihttutied  as  crystals  by  the  action  of 
OBtistic  soda  on  luemoglobiu  at  lUO"  C.  in  the  absence  of  oivfjen 

illoi'fE-SEYLKn).  By  the  dcoonipoaition  of  hiemoglobin  by  acids 
of  conrse  in  the  absence  of  air)  we  ohtain  iijpinochrotnogen  con- 
tauiiimtud  with  a  little  h»matoporph}Tin.  An  alkaline  liH<mo- 
chroiDogeu  solutioa  is  easily  ubtaitied  by  the  action  of  u  reducing 
Hubdtanou  (Stokhs'  reduction  liquid)  on  au  alkaline  hiuDmtia  solu- 
tion. 

Hnmatin.  also  called  Oxyhfematm,  is  sometimes  fonnd  in  old 
transudations.  It  is  formed  by  the  action  of  gBBtrio  or  paacreatic 
joicGs  on  oxyhemoglobin,  and  is  therefore  also  found  iu  the  fscee 
after  hemorrhage  lu  the  intestinal  catiul,  and  also  afier  a  moat  diet 
and  food  rich  iu  blood.  It  is  stated  that  hieniatiu  may  occur  in 
arioe  after  poisoning  with  areeuinretted  hydrogeo.  As  shown 
aboTCt  the  hsmabin  is  formed  by  the  decomposition  of  oxyhiBmo- 
gtubin,  or  at  leiutt  of  bojmoglobin,  iu  the  presence  of  oxygen. 
Bebtin-Sans  and  Moitessieu'  hnvc  prepared  an  intermediate 
body  between  oxyhanmoglobin  and  Immiochromogen.  This  redaoed 
hmuattn  shows  one  baud  whose  middle  lius  over  D. 

The  oonstttation  of  hoimatiu  may,  according  to  IIupi>k-Sht- 
LEii,'  be  expreiwed  by  the  formula  C,,II„N,FeO..  AccorJiug  to 
Nkmcki  and  SiiiitKit  it  has  the  formula  C„Il„N',KcO,.  and  thoy 

m  tliat  ha.'matin  is  a  hTdrale  of  a  bodv  not  vet  isolated,  hEemin, 
..i!..N,I.eO.. 

Raituatiu  is  araorjthous,  dark  browti  or  bluish  black.  It  may 
Ira  heated  to  1S0°  C.  without  decoiujiosition;  on  liiirruDgit  leaves 
a  reddue  eonstflting  of  iron  oxide.  It  m  insoluble  in  water,  dilute 
acids,  alcohol,  ntlier,  and  cidoroform,  but  it  dissolves  slightly  in 
warm  glacial  acetic  acid.  Hffitnatin  disesolvus  iu  a{^idiileIl  alcohol  or 
ether.  It  easily  diesolvee  in  alkidios,  eren  wlien  very  dilute.  The 
alkaline  solutions  are  dichruitic;  in  thick  layers  they  appear  red  by 
transmitted  light,  and  in  thin  layers  greenish.     The  alkaliue  solu- 
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tioHB  arc  precipitated  by  limo-  and  baryta-watnr,  as  also  by  aolntions 
of  nGntrul  6vXti  of  tlio  alkaline  earths.  Tho  acid  eolntious  are 
always  tirowo. 

An  acid  h^matin  solation  absorbs  the  red  part  of  the  spectnim 
lew  and  the  violet  part  more.  Tlia  solution  shows  a  nitbcr  sbarply 
datlned  baud  between  Cand  D  whose  position  may  change  with  tho 
variety  of  acid  used  oa  a  solvent.  Between  D  and  Fa  second,  mocU 
broader,  leas  sharply  defined  band  occurs  which  by  proper  dilation 
of  the  liqnid  is  converted  into  two  bands.  The  one  between  b  and 
F,  lying  near  F,  ia  darker  and  broader,  tho  other,  between  D  and 
E,  lying  near  J?,  Is  lighter  and  narrower.  Also  by  proper  dilation 
n  fonrth  very  faint  band  is  obacr\*cd  between  D  and  E  lying  near  />. 
Ilieiiiatiii  may  thus  in  acid  solution  show  fotir  ».b^r{>tion-band8; 
ordinarily  one  sees  distinctly  only  tho  bands  l>etween  C-'aiid  D  and 
the  broad,  dark  band — or  the  two  bands — between  D  and  F.  In 
alkaline  solntion  the  hieniatin  shows  a  broad  absorplion-bniid,  which 
lies  in  ((reate-st  pjirt  between  C  and  D,  hot  reaches  a  little  over  tb* 
line  D  towards  the  right  in  the  space  between  D  and  E. 

Hsemin,  II.emis  Ckystai-s,  or  Tkkmimann's  Crystals.  H»- 
min.  according  to  Hoppk-Seyi.kr,  is  a  fombination  between  h«- 
muliii  and  hydrochloric  acid,  having  the  formula  C,,U„N'.PeO,.  HOI. 
Nknc'KI  and  ^iebeb  designate  an  hu-niin,  on  the  ■'contrary  (see  page 
141),  a  body  not  yet  isolated,  of  the  forninia  C„U,,N,FeO,,  which 
may  bo  considered  as  an  anhydride  of  hwmutiu  or  0„H„N,KeO, 
—  H,0.  Tlio  haemin  crystals  are,  according  to  the  latest  viuwK,  a 
combination  of  this  substance,  haemin,  and  UCl,  according  to  lh« 
forninta  C„H,.N,PhO,.  IICI.  The  analyses  of  the  hydrochloride  and 
bydrobromide  of  htematin  by  HdPNBR  and  KCstgr'  lead  to  tbe 
same  formula. 

Accordini;  to  Mbiccki  aod  SrsBER  Uiw  biDniin  cr^stsls  an  «  doat»lo  combina- 
tlon  winli  ttir  Holvftni.  a-itvl  alrolint  or  tkct^tXf.  acid,  which  Is  UMd  in  their 
prrpMraliun ,  vrliitn  HorrE-bCTLiiit  claiiiiH  tliat  tli«  milirnnL  b  on\y  hold  mocliwii- 
callj  i>y  llie  crjHialH.  Tb«  fonuul*  of  tLv  liipmln  crystals  jiTeparaJ  by  mouu 
of  amfl  &I00I10I  ie.  WKurding  Id  Nencki  umI  Sikuku, 

(CMH..X.FeO,.UCI)..C.U,.0. 

Ilsmin  cryBtals  fonn  in  large  mosses  h  bluisb-black  powder,  bat 
are  ^o  i^mnll  that  they  can  only  be  aoen  by  the  microscope.  Tbey 
oonsist  of  dark-brown  or  nearly  brownish- black,  long,  rhombic,  or 
spool-like  crystals,  isolated,  or  grouped  as  crosses,  roeettea,  or  starry 
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forms.  They  are  insolnble  in  w»ter,  dilute  acitia  at  the  tiorriinl 
tu^entnre,  alrobol,  ether,  and  cklomform.  Thcj  are  alightl^- 
'&WTeii  I)}'  glactui  acetic  acid  and  wamitli.  Thcjr  di^solvo  in 
acidified  alcohol,  as  also  in  dilute  caustic  or  carboDSted  ulkiiUes; 
and  ill  the  last  case  they  form,  besidea  alkali  chlorides,  *olublo 
hiematin  alkali,  from  which  the  In^matiu  maj  )>«  precipitated  by  au 
acid. 

>  Tho  preparation  of  haimin  cnrstals  k  always  the  starting-point 
for  the  preiuiratioii  of  hamiatin.  Aocordiiig  to  Uiipi'K-Sbyleb,' 
■hake  the  blood-corpnsclea  which  have-  heon  \raehed  vith  comnion- 
salt  solution  with  vatoT  and  ether,  thou  filter  the  solution 
of  blood-coloriug  matters,  concentrate  strongly,  mix  with  10-20 
vols.  j;lari:i]  acetic  acid,  and  heat  for  l-'i  iunirs  oti  the  water- 
bath.  After  dihitiug  with  several  vulumcs  of  water,  allow  the 
liquhl  to  itand  a  few  day»i.  The  cryataU  which  Hepariil^  are  then 
washed  with  water,  boiled  with  acetic  ncid,  and  then  washed  again 
with  water,  alcohol,  and  ether.  X^bn'cki  and  SisnER  coaj^uluW  tho 
sediment  of  the  hlood-i'orptiBcles  br  alkali,  allow  tho  coagiilum  to 
dry  incomplet'oly  in  the  air.  rub  it  fine,  and  then  boil  it  with  iimyl 
alcohol  after  tlie  addition  of  a  little  hydrochloric  acid.  The  crystals 
which  separate  from  the  filtrate  after  cooling  are  waithed  with 
water,  alcohol,  and  ether.  Jf  hH^niin  cryKtidi;  Ik-  diiti4olved  in  ddtite 
cauHtic  alkali,  hwrnutin  may  be  precipitated  from  the  uolutiou  hy 
the  a^ldition  of  itcid;  and  fmui  this  hu-ituitin  pure  htemiu  crystals 
may  Iw  prepared  by  beating  with  glacial  acetic  acid  aud  a  little 
oomninii  Aalt. 

In  preparing  hiemin  crratfllB  in  small  amonnta  pmoecd  in  the 
following  manner:  The  blood  is  dried  after  the  addition  of  a  small 
qoantity  of  common  salt,  or  the  drieil  blood  may  be  rnhbtKl  with  a 
truce  of  common  tudt.  Tho  dry  powder  is  phiced  ou  u  microacope- 
alide,  moiftoned  with  glacial  acetic  acid,  and  then  covered  with  the 
oover-glaw.  Add,  by  moans  of  a  glass  rotl,  more  glueiid  iteetie  acid 
by  applying  the  drop  at  the  edge  of  the  coTer-gliuut,  until  the  space 
between  the  aUde  and  the  cover-glasa  is  full.  Now  warm  over  a 
Terr  taudl  Qame,  with  thu  precaution  that  the  acetic  acid  does  not 
boil  and  jiass  with  the  powder  from  under  the  cover-glafis.  If  uo 
crystals  appear  after  the  first  wanning  and  cooling,  warm  again, 
and  if  necoBaary  add  soiiie  more  acetic  acid.  After  cooling,  if  tho 
eiperiment  has  been  properly  performed,  a  namber  of  dark-hrown 
or  nearly  black  hsemiD  crystals  of  varying  forms  will  be  seen. 

tlsematin  ia  disaolvod  hr  coucentratcd  salphuric  acid  in  the 
presence  of  air,  forming  u  ptirple-red  liquid.  Tho  iron  is  here  split 
off  and  the  new  coloring  matter,  caUcJ  hcEinatoporphyrtn  hy  Uoite- 

>Hed.  chem.  UutenucL.,  S.  379. 


J  4 J-  THE  BLOOD. 

Seylkr,'  is  iron-free.  The  hiematin  fields  with  concentrated  anl- 
phuric  acid,  iu  the  ubseiice  of  air,  a  second  iron-free  coloring  matter 
called  hmmatolin  (Huppe-Seyli^k).  llfematoporphyriQ  may  also 
be  prepared  by  the  action  of  glacial  acetic  acid  saturated  with 
hydrobromic  acid  on  ha?min  crystals  (Nencki  and  Siebeb'). 

Hffimatoporpli]rriit,  C„11„N,0,.  This  pigment,  according  to 
Mac  Munn,'  occurs  as  u  physiological  coloring  matter  in  certaJn 
animals.  It  has  been  repeatedly  observed  in  the  last  few  years  in 
human  urine  especially  after  the  use  of  sulphonal  (see  Chapter  XV^ 
on  the  urine).  This  coloring  matter  is,  according  to  Nbncki  and 
SiEBEH,  au  isomer  of  the  bile-pigment  bilirubin,  and  its  formation 
from  h^ematin  can  be  expressed  by  the  following  equation: 

C„H..N,0,Pe  +  3H,0  -  Fe  =  2C..H.,N,0, 

A  pigment  closely  allied  to  the  urinary  pigment  urobilin  has  been 
obtained  by  the  action  of  reducing  subsUnces  on  hiemotoporpbyrin 
(IIoppe-Sbyler,*  Nencki  and  Sieber/  Le  Nobel,*  Mac  Mdnw  '). 
On  the  administration  of  hsemotoporphyrin  to  rabbits,  Nencki  and 
RoTsciiT  '  observed  that  a  part  was  reduced  to  a  substance  similar 
to  urobilin. 

The  combinations  of  haemotoporphyrin  with  Na  and  with  HCI 
have  been  obtained  as  crystals  by  Nencki  and  Sieber.  The  acid 
alcoholic  solutions  have  a  beantifnl  purple  color,  which  becomes 
violet-blue  on  the  addition  of  large  qnautities  of  acid.  The  alkaline 
solution  has  a  beautifnl  red  color,  especially  when  not  too  much 
alkali  is  present,  ilsematoporphyrin  prepared  by  various  methods 
may  differ  somewhat  in  solubility  and  in  color  of  solution,  but  their 
characteristic  absorption-spectra  are  essentially  the  same. 

An  alcoholic  solution  of  hfematopori>hyrin,  acidulated  with 
hydrochloric  or  sulphuric  acid,  shows  two  absorption-bands,  of 
which  one  is  fainter  and  narrower  and  lies  between  C  and  i?, 
near  D.     I'he  other  is  much  darker,  sharper  and  broader  and  lies 

'  Med.  cbem.  Untersuch..  8.  538. 
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in  the  middle  between  />  And  E.  An  absorption  oxtondB  from 
th«e  bands  tovard»  the  red,  terminating  with  u  dark  edge,  vbich 
max  be  coniudereil  as  a  third  band  between  the  other  two. 

A  dilate  lUkali  solution  showa  four  bauds,  imroclyf  a  band 
between  C  and  D\  a  second,  broader,  surroauding  D  and  with  it« 
broadest  part  between  />  and  E\  a  third,  between  D  and  E  ncttrijr 
at  E;  and  lastly  a  fourth,  bpood  and  dark  band  between  b  and  F. 
On  the  addition  of  an  alkaline  zinc-chloride  elation  (be  spectnim 
changes  more  or  less  rapidly,'  and  0tiaUy  a  spectmm  ia  obtained 
with  only  two  banda,  of  which  one  anrroiinda  D  and  the  other  lies 
between  D  imd  B. 

Hemateidin,  thns  nailed  by  Viiiriiow,  ia  a  coloring  matter 
which  crystallizca  in  orange-colored  rhombic  plates,  and  which 
occurs  in  old  blood  extra vasation«,  and  whoM  origin  from  the  blood- 
coloring  matters  secma  to  be  eBtablighcd  (LwnirAXs,  Coruua, 
QrtvcKK,  and  others*).  A  ralution  of  hipnuitoidin  shows  no 
abaorption -bands,  bnt  only  a  strong  absorption  of  the  violet  to  the 
green  (Kivai.d').  According  to  most  obpcrvers,  hsematoidin  ig 
identical  with  the  bile-coloring  matt<^r  bilirnbin.  It  is  not  identical 
with  the  crystiUlizable  lutein  from  the  corpora  Mm  of  the  ovaries 
of  the  cow  (Piccomj  wnd  Libben",'  Kuhne  aud  Ewali*). 

In  the  detection  of  the  above-deBorihod  blood-coloring  mattem 
the  BpectroBcnpe  m  the  only  entirely  trii^tworthy  meaitH  nf  invueti- 
gation.  If  it  iH  only  necessary  to  iletect  bluod  tn  general  and  not 
U>  determine  deltnitely  whether  the  coloring  matter  iii  hi(^nlO)fI(>bin» 
methiemoglobin,  or  hseinatin,  then  the  pi'e|)arati<jti  of  hiemili  crys- 
tals i»  an  absolute  pottitive  proof.  Ttie  reader  it.  referred  to  more 
extended  text-books  for  exacter  methods  for  the  detection  of  blood 
in  chemico-logal  cases,  and  it  is  perhaps  BxifKcient  to  give  here  the 
chief  pointj)  nf  the  investigation. 

If  spots  on  clothe^  linen,  wood,  etc.,  are  to  be  tested  for  the 
pHMeuce  uF  blood,  it  ie  b«.it,  wiien  puwible,  to  floratch  or  «havc  nff 
MB  much  as  poetgible,  rub  with  common  salt,  and  from  thii;  prc[iaro 
the  lin>mia  crvAtalH.  On  obUvinin^  pmiitive  retiiilts  the  pre^mre  of 
blood  irt  not  tu  be  doubted.  If  you  do  not  obtain  tiiiAicieiit  material 
by  the  aboTo  meana,  then  soak  the  spot  with  a  few  drops  of  wat«r 
in  a  vatch-ctTstal.    If  a  colored  solution  is  thns  obbuned,  then 


'  naniin&raun,  StCAii.  Aroli.  t.  Phjalnl..  Rd.  3. 
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remove  the  fibres,  wood'Sliaviugs,  and  the  like  as  far  as  possible, 
and  allow  the  solution  to  dry  in  the  watch-glass.  The  dried  residne 
may  be  partly  need  for  the  spectroscope  teat  directly,  and  part  may 
be  employed  in  the  preparation  of  the  ha^min  crystals.  It  also 
serves  to  detect  htiemochroDiogen  in  alkaline  Bohition  after  previous 
treatment  with  alkali  and  the  addition  of  redneing  substances. 

If  a  colorlees  solution  is  obtained  after  soaking  with  water,  or 
the  spots  are  on  rusty  iron,  then  digest  with  a  little  dilute  alkali 
{5  p.  m.).  In  the  presence  of  blood  the  solution  gives,  after 
neutralization  with  hydrochloric  acid  and  drying,  a  residne  which 
may  give  the  hffiuiiu  crystals  with  glacial  acetic  acid.  Another  part 
of  tjie  alkaline  solution  shows,  after  the  addition  of  Stokes'  redac- 
tion liquid,  the  absorption -bauds  of  hajmochromogen  in  alkaline 
solution. 

The  methods  proposed  for  the  quantitative  estimation  of  the 
blood -coloring  matters  are  partly  chemical  and  partly  physical. 

AmoiijT  the  cbemic&l  mttthods  to  be  mentioned  ia  the  ashing  of  the  blood 
and  t)ie  determination  uf  tUe  amount  nf  iron  contained  therein,  from  which  the 
amount  of  liffiiiioclobin  maj^  I>o  calculated.  Annther  method  consiata  in  tint 
saturatin<;  the  blofKl  completely  with  oxygen.  Now  pump  out  thoroughly  this 
•  'xy^'H,  and  t^li^utate  from  thv  amount  of  oxypeo  tiie  amount  nf  hemoglobin 
]>re:ieiit  (iiit£uANT'  and  QuiNttCAiTD').     None  of  these  methods  in  reliable. 

The  physical  methods  consist  either  in  a  colorimetric  or  a  spec- 
troscopic investigation. 

The  principle  of  IIoppe-Setler's  colorimetric  method  is  that  a 
measured  quantity  of  blood  is  diluted  with  an  exactly  measured 
quantity  of  water  until  the  diluted  blood  solution  has  the  same  color 
as  II  pure  oxyhiemoglobin  solution  of  a  known  strength.  The 
amount  of  coloring  matter  present  in  the  undiluted  blood  may  be 
easily  calculated  from  the  degree  of  dilution.  In  the  colorimetric 
testing  we  use  a  glass  vessel  with  parallel  sides  containing  a  layer 
of  liquid  1  cm,  thick  (hwmatinometer  of  Hopfe-Seylee).  The 
method  is  good,  and  the  inconvenience  that  the  normal  solution  of 
oxyli^moprlobin  does  not  keep  for  any  length  of  time  without 
decomposing  may  be  prevented  by  preserving  the  solution  in  sealed 
tubes.  The  oxyhsemoglobiu  is  gradually  reduced  to  a  hsemoglobin 
solution  whicli  may  be  kept  for  years,  and  when  required  for  use  it 
is  converted  into  an  oxyhtemoglobin  solution  by  aerating.  Accord- 
uig  to  an  improved  method  by  Hoppe  Seyler,'  it  is  much  better  to 
ase  a  solution  of  carbon-monoxide  liffimoglobin,  as  normal  solntion. 
The  blood  solution  in  this  case  is  saturated  with  carbon  monoxide 

■  Compt  read.,  Tama  75. 
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uad  the  two  solutious  com[)»red  in  a  speciollj  cotuitnicted  colori- 
motric  doable  pij^tte  {see  original  article).  Tli«  replacing  of  the 
oxyhaunoglotiin  tioltiuoii  by  u  solution  of  picrocuraiiu,  as  titiggfwtet] 
ccrtiiin  iiiTestigaion},   itt  to  be  rejected  according  to   LiorPB- 

JKYLER. 

The  ([[lantiutive  estimation  of  tlie  blonii-i'roloring  mutters   by 

laeaus  of  the  sj)ectrosco|)o  may  hodone  in  ditlereut  wajg,  but  at  the 

present  time  the  fjtrrtropholoineiru:  aiutbod  is  chiefly  used,  fltid  tliia 

^eems  to  be  tho  most  reliitble.     Thi^  method  '  is  baaed  od  the  fnct 

that  tho  extinciioii  coeflicicnt  of  a  colored  liqnid  for  a  ceriuiu  region 

of  the  spectmm  is  directly  proportional  to  tlie  coucontratton,  so  that 

C  :  E  =  C,  :  /f,,  wlien  C  and  C,  Tepresent  tbo  different  coucentra- 

tioDd  and  B  and  £    the  correspoEiding  coeHicient  of  extinctiou. 

C      C 
Prom  the  equation  -j,  =  -jj-  it  follows  that  for  one  and  the  stone 
n       A. 

coloring  matter  this  relation,  which  h  called  the  absorption  ratio^ 

must  be  coDBtaDt.     If  the  absorption  ratio  is  rcpreBcnted  by  A,  the 

detemiined  extinction  coefTicibnt  by  E,  and  the  concentration  [the 

amount  of  coloring  matter  in  grams  in  1  c.c.)  by  C,  then  C  ~  A  ,  E. 

Different   apparatus  have  been    coiistrncted    (V'ierorpt  and 

ntrNER*)  for  the-  flccormi nation  of  the  extinction  coetliciciit  vhich 

is  equal  to  Uie  negative  lugnrithni  of  those  rays  of  liglit  which 

remain  after  the  passage  of  tbtj  light  ilirough  a  layer  t  ctu.  thick  of 

an  absorbing  liquid.     In  regard  to  tiieso  apparatas  the  ruder  16 

referred  to  other  teit-book.t 

Aa  eoDtToi  llie  extiDotioa  eovlBclenU  ure  detrrmined  In  two  different  rofrlons 
©f  ihe  irweirmn.  nawi-Jy,  mSK—IiME  and  D6SIS—TfMB  The  con«uni« 
or  tW  «lMorptioD  rklio  for  IImm  Iwo  rr^niM  of  thv  norclmiD  arn  deiiij^nUxl  hj 
nvrynn  bj  A  and  A'.  Bwlom  tin-  >l«<tiTnjiiiMion  Uit-  IiIo-kI  tinurt  bn  dilntcd 
wjtL  «ru«r,  iiD<l  if  the  pmprirtiun  of  dilutiou  "f  the  \Aowi  \n.-  rf\>n»rnUid  by  F, 
ihrn  iltr  cnnrvDtruiOD  or  Um  aiQuum  Of  ooliiriDg  mutur  la  100  paitA  of  the 
uadilatMl  bluod  w 

C=  lOO.V.A.  &*aad 

C=  IDO.C.  A'   B\ 

Tbe  ftbsorption  ratio  ortlie  cousUiita  lo  tlie  two  aboTe>ineotionud  K^iona 
of  tlip  '■tHN-irinii  lt«re  btwn  iMi-nniued  foi  osjhmrUuK''^'""'  liwuji>f(Ii>Liui,  rju'lmn- 
inoBUxidt  liEVUiuulobin.  and  lueihwiao^lobiD 

Tbr  ^(fiiraff  n>r  tliv  abovo  coluriap  lo&tivn  ubuiued  from  canine  bbod  are 
M  ful  lours  r 

Ox/IuHnofEloMn Ao  =  O.OOIDIfO  and  A\  =  O.OOIOOO 

UMtanicIobiD ...   Ar-OWnOUl     -  /I",  =  lt.W|:8Rl 

Cnrif'o  uimiosu!*  latiuoglobla  At  ^  0,001130     ■■  A',  =  OiiOiOOO 

Mclbtrro-igloWn ..•!■=  OOOafiflfl     -  ^*„=  0,i»n27fl8 

Tlie  quuntlty  of  tub  coloriuc  iukIUt  amy  Ih.'  dvtcnDiUii.'d  id  a  iiiUtiira  of 
two  blood -coio ring  mattcn  by  tbi«  uiiribod,  whkcb  is  of  ipcclal  im|ioriiuice  in 

'  8m  Vli^toHl.  Die  Aavrpodnni;  dm  SpektralsppKratev  bu  PUotoiuerrle,  etc. 
{TQbingBn.  187S),  aod  HDfLer.  ZeitscLr.  f.  pbysiol.  Chem..  Bd,  9:  v,  Nwr.ion, 
JMd..  iM.  4.  Otto,  Hid..  Bd.  7  ;  and  PflQgor'ii  Arcliiv,  Bdd.  8t  and  M, 

'L.  e. 
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the  ilet«rmi nation  of  tbe  qoantity  of  oxyhemoglobin  and  hemoglobin  present 
in  l}lood  at  the  same  time.  If  we  represent  by  K  and  f  the  eztinctioD  coefB- 
cii'iitsof  the  mixture  in  the  above-men lioned  regions  of  iheepectTum,  by  ^q  and 
A'o  and  Ar  und  A'r  the  constants  for  oxyhsetno^Iohin  and  reduced  bsmo^tobin, 
and  by  Vthe  degree  of  dilution  of  tlie  blwid,  then  the  percentage  of  oxyluemo- 
globin  Ho  and  of  (reduced)  hemoglobin  lir  is 

and 

ArA-yiKA'o  -  BAc'i 


fl"r  =  100  .  y. 


A'oAt  —  AaA'r 


Among  the  many  appai-atna  constracted  for  clinical  pnrposea  for 
the  quantitative  eetimation  of  hiemoglobin  the  hiemometer  of 
Fleisciil  '  is  to  be  preferred.  The  determination  by  this  apparatna 
is  made  by  comparing  the  color  of  tlio  blood  diluted  with  water  with 
the  color  of  a  wedge-shaped  movable  prism  of  red  glass.  If  the 
blood  shows  the  same  color  as  the  glass  prism,  then  the  omonnt  of 
haemoglobin  in  the  blood  may  be  directly  read  from  the  scale.  The 
amount  of  hBemoglobin  is  expressed  as  percentage  of  the  physiologi- 
cal amount  of  hsemoglobin. 

Many  other  coloring  matters  are  found  besides  the  of t«n -occurring  litemo- 
globin  in  the  blood  of  invertebra.  In  a  few  arachnidee,  Crustacea,  gasteropoda, 
and  cepbalopoiiee  a  body  analogous  to  husiiioglobin  containing  copper,  lujcmo- 
cj/anin,  has  been  found  by  FliEDEliiCQ.'  By  tlie  taking  up  of  loosely  bound 
oxygen  iliia  body  is  convened  into  blue  oxykamocyaiiin,  and  by  the  escape  of 
the  oxyn''n  bt'conies  colorless  again.  A  coloring  matter  called  c/ilorocruoriit  by 
Lankkstkii*  is  found  in  certain  cbielopodie.  Itiriiurythrin*  so  called  by  Kkc- 
KKNiiERO  but  first  observed  by  Sokwalbk,  is  a  red  coloring  matter  from  certain 
gephyrea.  Besides  liaimocyaniii  we  find  in  tbe  blood  of  certain  Crustacea  the 
red  coloring  matter  Mroneryl/irin  (Hai.i.ibvuton'),  which  is  also  widely 
spread  in  tbe  animal  kingdom.  Eehinochrom,  so  named  by  Mac  Muhn,*  is  a 
brown  coloring  matter  occurring  in  tbe  perivisceral  fluid  of  a  variety  of  echino- 
derms. 

The  quantitative  constitution  of  the  red  blood-corpuscles  is  diffi- 
cult to  determine,  and  we  have  hardly  any  sufficiently  trustworthy 
analyses  of  them.  The  amount  of  water  varies  in  different  varieties 
of  blood  between  570-fJ30  j).  m.,  with  ii  corresponding  amount, 
43()-:i70  p.  m.,  of  solids,  Tlie  chief  mass,  about  ^,  of  the  dried 
substance  consists  of  haemoglobin  (in  human  and  canine  blood). 

'  See  V.  Jakscb,  Klinische  Diagnostik,  4.  Aufl.,  p,  18. 

•  Eitrait  des  Bulletins  de  I'Acad.  Hoy.  de  Belgiqne  (2).  Tome  46,  1878. 
>  Jonrn.  of  Anat.  and  PLysiol.,  1868.  p.  114.  and  1870,  p.  119. 

*  See  Physiol.  Studien,  Kelbe  1,  Ahtli.  3.     Heidelberg,  1880. 
»  Joornal  of  Phyalol.,  Vol.  6. 

■  Qnwt.  Joarn.  Mleroec  Science,  188S. 
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Aoowding  to  the  tiiiiUyseR  of  LIoppk-Skylbr'  and  his  pupilB, 
the  reil  r-orpii8cle8  ooutain  iu  1000  parts  uf  the  dried  subetance: 


IIuowD  blood 
Ifeg 

QOOM  " 

Snftk«      •■    . 


Of  Bpecial  intereat  is  the  varying  proportion  of  the  huimog^lobin 
to  the  proteid  in  the  nucleatcMl  and  in  the  non-Diicleatctl  hlood- 
corpusolea.  These  last  are  much  richer  in  barmoglobin  and  poorer 
in  proteid  than  the  others. 

According  to  M.  ami  h.  Hlrihtrki'  and  Wkndklstadt*  the 
amonnt  of  nitrogen  in  the  red  oorp'ittoleH  seems  to  be  couBtant  in 
certain  animals,  Hiich  aa  the  hor^e  and  the  y'lg.  The  ipiantity  of 
proteid  (iiicluaive  of  luBiiiwglohin)  in  the  moist  corpuscles  of  the 
horse  wua  4€8.fi  and  iu  the  pig  443.(:  p.  lu.  as  ealuiilatod  by  the 
ahore  experimenta  from  tlic  (janntity  of  iiitrt^on. 

The  tuiiouut  of  mineral  bodies,  &£  far  as  they  have  been  deter- 
mined, iu  the  moist  oorpascles  is  4.S'S.9  p.  m.  The  chief  man 
coiuiats  of  potaEBiTim,  phosphoric  acid,  and  chlorine.  The  blood- 
Aorposclea  of  ox-blood  contjiin,  according  to  Bt'Nttf:,  more  eodium 
and  chlorine  than  phoephoric  acid  and  iMtusgicni.  The  blood- 
corpuaclea  of  the  pig  and  horse  contaiu  no  eodiam  (Bunor*). 
Human-blood  corpuacles  contain,  according  to  Wan  ach,*  about  five 
liraee  as  much  potassium  aa  sodiam,  on  on  average  3.99  p.  m. 
pota£8iam  and  0.75  p.  m.  sodium. 


The  White  Blood- corpuBclea  and  the  Blood-platet. 

The  White  Blood-corpasclea,  also  called  LBurorvTKS  or 
Lymphoid  Cells,  which  ocr^nr  in  the  Mood  in  rarying  forms  and 
sizes,  form  in  a  state  of  rest  Bpherical  liinipa  of  ft  sticky,  highly 
refractire  power,  captthle  of  motion,  non-membranons  protoplnwn, 
which  show  1-4  nuclei  on  the  iwldition  of  water  or  acetic  acid.  In 
human  and  mammalian  blooil  they  arfl  larger  than  the  red  blood- 
corpoBclee.     They  hare  also  a  lower  npecific  gravity  than  the  red 

<  Ued.  chftm.  UDtentuch.,  S.  390  and  !198. 
»  PfldX^r'M  Arcbiv.  Bdd.  St  anti  52 
»  MUKhr.  t.  Biul'Jgi*,  Bd.  12.  S.  306.  SOT. 
'Hftlv's  JalireBUr..  Ud.  19.  :£.  &ti. 
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corpascles,  moTe  in  the  circulating  blood  nearer  to  the  walls  of  th» 
vessel,  and  have  also  a  slower  motion. 

The  namber  of  white  blood-corpuscles  varies  not  only  in  the- 
different  blood-vessels,  but  also  under  diSerent  physiological  condi- 
tioDB.  As  an  average  we  have  only  1  white  corpuscle  for  350-500 
red  corpuscles.  According  to  the  investigations  of  Alex.  Schuidt  ' 
and  his  pupils,  the  leucocytes  are  destroyed  in  great  part  on  the 
discharge  of  the  blood  before  and  during  coagulation,  so  that  dis- 
charged blood  is  much  poorer  in  leucocytes  than  the  circulating 
blood.  The  correctness  of  this  statement  has  been  denied  by  other 
investigators. 

From  a  histological  standpoint  we  generally  discriminate  between 
the  different  kinds  of  colorless  blood -corpuscles;  chemically  consid- 
ered, however,  there  is  no  known  essential  difference  between  them. 
With  regard  to  their  importance  in  the  coagnlation  of  fibrin  Alex. 
SciiuiDT  and  his  pupils  distinguish  between  the  leucocytes  which 
are  destroyed  by  the  coagulation  and  those  which  are  not.  The 
last  mentioned  give  with  alkalies  or  common-salt  solutions  a  slimy 
mass;  the  first  do  not  show  such  behavior. 

The  protoplasm  of  the  leucocytes  has  during  life  amceboid 
movements  which  partly  make  possible  the  wandering  of  the  cells 
and  partly  the  taking  up  of  smaller  grains  or  foreign  bodies  within 
the  same.  On  these  grounds  the  occurrence  of  myosin  in  them  has 
been  admitted  even  without  any  special  proof  thereof.  Alex. 
Schmii>t'  claims  to  have  found  serglobuUn  in  equine-blood  leuco- 
cytes which  liad  been  washed  with  ice-cold  water.  There  are  also 
certain  leucocytes  as  above  stated  which  yield  a  slimy  mass  when 
treated  with  alkalies  or  NaCl  solutions,  which  seem  to  be  identical 
with  the  so-called  hynline  substance  of  Rovida  found  in  the  pus- 
cells.  On  digesting  the  leucocytes  with  water  a  solution  of  a 
proteid  body  is  obtained  which  can  be  precipitated  by  acetic  acid 
und  which  is  not  soluble  in  an  excess  of  the  acid  and  forms  the 
cliief  mass  of  the  leucocytes.  This  substiince,  which  is  undoubt- 
edly related  to  coagulation,  has  been  described  under  different 
names  (see  Chapter  V),  and  consists,  chiefly  at  least,  of  nucleo- 
histoQ. 

Glycogen  has  been  found  in  the  leucocytes  by  Hoi'I'f.-Setleb,' 

'  PflQger'8  ArchiT.  Bd.  11. 

'L.C. 

«  Phyfliol.  Cbem.     Berlin,  1878-1881.     S.  82. 
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Salomox,'  GAHRiTRcnEWBKV,'  and  other  inveatigators.  The 
gljcogoQ  fouud  hy  ILupi'EitT,'  ('zniisy,'  and  olliers  in  the  blood 
probubly  origiaatod  from  tho  leu(»cytes.  Tliu  noruiCituunts  of  tho 
leoRocytee  aro  the  e&mo  oa  the  conatituentfi  of  the  cell  aa  de^ribed 
in  ChapUT  V. 

The  blood-platei  (Bizzozkho's),  liBamatobluta  <Hayp.u),  vhoau 
Datura  and  phyaiologicu-l  ini{H)rC&iicc  have  lioen  much  r|iiostioncd, 
are  pale,  colorleita,  gtiQimy  dieks.  roiiud  or  moro  oval  iu  shape  and 
geuerally  with  a  diameter  two  or  three  timca  srnaltor  than  tho  red 
blood -CDrpuaclea.  Certain  iuvedtigatorii  claim  that  the  bloed^platea 
occur  preformed  iu  tho  circulating  blood,  while  otbera  ou  the  con- 
trary deny  thie.  Acconling  to  Ujwit*  the  blood-pUtcs  arc  formed 
from  the  lcu(*ooytc«  with  tbe  climiitatiou  of  globulin  eabstauoe. 
hence  they  are  also  called  globulin- plaits.  Acoording  to  Muf)t:N 
theee  globulin-platee  arc  not  identical  with  the  true  blood-plates, 
and  theae  &nt  are  derived  very  likely  from  tho  latter.  The  blood- 
platea  Bopaiutfi  into  two  aubstanccs  by  tho  action  of  different 
reagentat  namely,  one  which  ia  homogeneous  and  non-rofractiTo, 
while  the  other  \%  highly  refractive  and  granular.  Blood'plfttes 
readily  Btick  together  and  attach  themsoWeB  to  foreign  bodiea. 

Aeoordtng  to  the  important  rcaearchca  of  Kussel  atul  LlLfRK- 
FEi.ii*  the  blood-plates  conai^t  of  a  chemical  combination  between 
protcid  and  onclein,  and  hence  they  are  called  Huclain-plafes  by 
LiUKSi'HLU.  Acconling  to  this  investigator  thay  are  derirativea 
of  the  cell  nnolens,  a  tiuw  which  is  in  acconl  with  IIij.va'b  stabe- 
Ttienta.  It  seoms  certain  that  the  blood-plates  stand  In  a  certain, 
relutionsliip  to  the  ooogiilutioQ  of  blood,  and  according  to  IjILIBN- 
fHLD  the  librin  coagnlation  is  indeeil  a  function  of  the  cell  nncleus. 
The  importance  of  theee  formations  to  blood  uoagalation  will  be 
referred  to  Inter. 


>  OculMli.  iDwI.  WocbonMhr..  1877.  Nos.  8  and  3S. 

»  Atth.  f  exp.  I'»tti.  uii'l  Plmtm.    IW.  88. 

■OntMlh).  r.  PUjMol..  IHili.  PmrtU. 

*  Arcli.  F.  pxp.  I'»tti.  unci  i'liirui..  Bd.  81. 

'In  rt^tI1lr<l  t4t  tb«  litiTaturn  •>!  iliu  1>luod  pUt«9,  !i«e  I.i]i«iifol(l,  Du  BolS- 
B«Tai'>a'l'«  Arcbiv.  \Wi,  adiI  K   )[<k<vii,  ibvt..  ItJffS. 

*],.(■.:  sUo  Ltlienreti).  "  \jcn\ttKylvo  ua«l  fitui^riimuo^."  VerliaDdl.  d. 
phyMoL  tiwellack.  xu  Berlin,  l&iii. 
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III.  The  Blood  as  a  Mixture  of  Plasma  and  Blood- 
corpuscles. 

The  blood  in  itself  is  a  thick,  sticky,  lighter  or  darker  red 
opaque  liquid  having  a  salty  taste  and  a  faint  odor  differing  in 
different  kinds  of  animals.  On  the  addition  of  snlphnric  acid  to 
the  blood  the  odor  is  more  pronounced.  In  adult  human  beings 
the  specific  gravity  ranges  between  1.045  and  1.075.  It  has  an 
average  of  1.058  for  grown  men  and  a  little  leas  for  women. 
According  to  Scherresziss  '  tlie  ftctal  blood  has  a  lower  specific 
gravity  than  the  blood  of  grown  persons.  Lloyd  Jones  *  found 
that  the  specific  gravity  is  highest  at  birth  and  lowest  in  children 
when  about  two  years  old  and  in  pregnant  women.  The  determi- 
nations of  Lloyd  Jones,  Hammekschlag,*  and  others  show  that 
the  variation  of  the  specific  gravity,  dependent  npon  age  and  sex, 
corresponds  to  the  variation  in  the  quantity  of  hiemoglobin. 

The  determination  of  the  specific  gravity  is  most  accurately  done 
by  means  of  the  pyknometer.  For  clinical  purposes  where  only 
small  amounts  are  available  it  is  best  to  proceed  with  the  method 
as  suggested  by  Hammekschlag.  Prepare  a  mixture  of  chloroform 
and  benzol  of  about  1.050  sp.  gr.  and  add  a  drop  of  the  blood  to 
this  mixture.  If  the  drop  rises  to  the  surface  then  add  benzol,  and 
if  it  sinks  add  chloroform.  Continue  this  until  the  drop  of  blood 
suspends  itself  midway  and  then  determine  the  specific  gravity  of 
the  mixture  by  means  of  an  areometer. 

The  reaction  of  the  blood  is  alkaline.  The  amount  of  alkali, 
calculated  as  Na,CO„  is  in  the  dog  about  3  (Zl'ntz'),  in  rabbits 
about  2.5  (Larsar*),  and  in  man  3.38-3.90  p.  m.  (v.  Jakbch*). 
The  alkaline  reaction  diminishes  outside  of  the  body,  and  indeed 
the  more  quickly  the  greater  the  original  alkalinity  of  the  blood. 
This  depends  on  the  formation  of  acid  in  the  blood,  in  which  the 
red  blood-corpnscles  seem  to  take  part  in  some  way  or  another. 
After  excessive  muscular  activity  the  alkalinity  is  dimioished  on 

<  Clt.  from  Male's  Jahresber.,  Bd.  18,  S.  86. 

•  Joam.  of  Physiol.,  Vol.  8. 

■  Wien.  klin.  Wocbenschr..  1800.  and  Zeitschr.  f.  klin.  Med.,  Bd.  30. 

<  Centnlbl.  f.  d.  med.  WiasenscL.,  Bd.  S.  S.  681  and  801. 
»  PflQger's  Axchlv.  Bd.  9. 

•  Zeitocbr.  f.  klin.  Med.,  Bd.  18,  8.  8S0. 
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accotiDt  of  tlie  formation  of  aciil  in  the  miiBcles  (Pkipkr,'  OciirN- 
STKIN  *),  and  it  \n  a\m  decreased  aft«r  the  continnoua  uae  of  acids 

(LaSSAH,  FRRriUIKHO '). 

The  color  of  the  hlootl  is  red — light  scarlet-red  in  the  arteries 

and  dark  bliiifth-red  in  the  reins.  Hlooil  free  from  oxvfCen  is 
dichroitic,  dark  red  hy  reBected  light,  and  green  by  transmitted 
light.  The  btood -coloring  matters  occur  in  the  hlood-corpusclefi. 
For  this  reason  blood  is  o[mque  in  thin  lavent  und  ncL-i  as  a  '*  deck- 
farbe."  If  the  hseniuglobiu  \a  removed  from  the  stroma  and 
diiiBolred  bj  the  bloocl-liqnid,  bv  any  of  the  above-mentioned 
means  the  blood  becomes  transparent  and  acts  then  like  a  "  lake 
color."  Less  light  is  now  reflected  from  its  interior,  and  this 
laky  blood  is  therefore  darker  in  thicker  layers.  On  the  addi- 
tion of  salt  solntiomt  to  the  blood -corpnsolea  they  shrink  and  more 
light  ia  reflected  and  the  color  appear?  lighter.  A  great  aliuiidanoe 
of  red  corpuscles  makes  the  blood  darker,  while  by  diluting  with 
seratD  or  by  a  grenter  abundance  or  white  corpuscles  tlie  blood 
becomec  lighter  in  np|)eaninee.  The  dilftjreiit  colors  of  arterial  ami 
of  Tenons  bfood  depend  on  the  varying  (|iiantitT  of  gas  contained  in 
these  twf>  varieties  of  blood  or,  better,  on  tht-  different  amounu  of 
ozyhsmoglobiti  and  lueinogLubiu  tlit;y  cuutain. 

The  meet  striking  property  of  blood  consists  m  its  coagulating 
within  a  shorter  or  longer  time,  i»ut  as  a  rule  very  ahorily  after 
leaving  the  vein.  Diilereut  kinds  of  blooU  coagulate  with  varying 
rapidity;  in  human  blood  the  first  marked  sign  of  coagulation,  is 
seen  in  'i-'i  miuutos,  anil  witliin  7-8  minutes  the  blood  is 
thoroughly  couvurted  into  a  gulaliuous  muss.  If  the  bluod  is 
allowed  to  coagulate  slowly,  the  red  corpuscles  havu  time  to  settle 
more  or  less  befoi-e  the  coagulutiun,  and  the  hlood-clot  then  ttliuwK 
an  upper,  yellowish-gray  or  roddish-gruy  luyor  cousistiiig  of  fibrin 
enclosing  chiefly  colorless  corpuscles.  This  layer  bos  been  i^alled 
crunia  iaflnmtnatoria  ox  phiogi.it ir.a,  beeansc  it  ha«  boon  eepeuially 
oltserved  in  iufiammatory  processus,  and  is  considorcd  one  of  Uie 
diatacteristics  of  them.  This  crusta  or  "  buffy  coat  "  is  not  cliitr- 
BCtftriatic  of  any  special  di»eaiie.  and  it  occui-s  chiofiy  when  the  blood 
ooajfoIatoB  slowly  or  when  the  blood  •corpuscles  settle  more  quickly 


'  Virebow't  Arcb.,  Bd.  116. 

^  7MEf..  Bd.  180,   wliicli  Iihs  ai«o  refcrvacM  to  tha  works  of  Uinkvwskl, 

■  Vircliow'B  Arek,  Bd.  ISS. 
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than  usaal.  A  bnffy  cost  is  often  observed  in  the  alow-coagulating 
eqnine  blood.  The  blood  from  the  capillaries  is  not  supposed  to 
have  the  power  of  coagulating. 

Coagulation  is  retarded  by  cooling,  by  diminishing  the  oxygen 
and  increasing  the  amount  of  carbon  dioxide,  which  is  the  reason 
that  venous  blood  and  to  a  much  higher  degree  blood  after  asphyxia- 
tion coagulates  more  slowly  than  arterial  blood.  The  coagulation 
may  be  retarded  or  prevented  by  the  addition  of  acids,  alkalies,  or 
ammonia,  even  in  small  quantities;  by  concentrated  solutions  of 
neutral  alkali  salts  and  alkaline  earths,  alkali  oxalates  and  fluorides; 
also  by  egg-albumin,  Bolutions  of  sugar  or  gum,  glycerin,  or  much 
water;  also  by  receiving  the  blood  in  oil.  Coagulation  may 
be  prevented  by  tho  injection  of  an  albumose  solution  or  by 
an  infusion  of  the  leech  into  the  circulating  blood,  but  this  in- 
fusion of  the  leech  acts  in  the  same  way  on  blood  just  expelled. 
According  to  Dastke'  the  coagulation  of  the  blood  of  a  dog  may 
be  gradually  prevcuted  by  a  series  of  bleedings  and  re-injection  of 
the  defibrinated  blood.  The  reason  for  this  non-coagulation  lies  in 
the  lack  of  fibrinogen.  The  coagalation  may  be  facilitated  by  rais- 
ing the  temperature ;  by  contact  with  foreign  bodies,  to  which  the 
blood  adheres;  by  stirring  or  beating  it;  by  admission  of  air;  by 
diluting  with  very  small  aniounta  of  water;  by  the  addition  of 
platinum-black  or  finely  powdered  carbon;  by  the  addition  of  laky 
blood,  which  does  not  act  by  the  presence  of  dissolved  blood-coloring 
matters,  but  by  the  etromata  of  the  blood -corpuscles  (WooL- 
DitiixtE'),  and  also  by  the  addition  of  the  leucocytes  from  the 
lymphatic  glands,  or  a  watery  saline  extract  of  the  lymphatic 
glands,  testicles,  or  thymus.  The  active  constituent  of  such  a 
watery  extract  is  the  nucleoproteid  called  tissue  fibrinogen  or  nucleo- 
his/oii. 

An  important  question  to  answer  is  why  the  blood  remains  fluid 
in  the  circulation  white  it  quickly  coagnlates  when  it  leaves  the  cir- 
culation. 

When  the  blood  leaves  the  vein  it  comes  under  new,  abnormal 
conditions.  It  cools  off,  comes  in  contact  with  the  air,  its  motion 
stops,  and  it  is  deprived  of  tho  influence  of  the  living  walls  of  the 
vessels.  That  the  cooling  is  not  the  reason  of  the  coagalation  is 
proved   by  the  fact  that  cooling   is  a  good  means  of  retarding 

'  Compt.  rend  d.  boc.  biol.,  Tome  45,  and  Arcli.  de  phystol.,  Ser.  6,  Tome  5, 
*  Die  Qerinoang  des  Blutes  (publialied  hy  M.  V.  Frey,  Lefpsig,  1891). 
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ooagolfttion.  That  tho  contAct  with  iiir  is  not  Gflsenttal  is  abown  by 
thp  taici  that  vhen  hlotMl  is  collected  ovpr  mercury,  so  thnt  it  cnnnot 
absorb  or  expel  nny  g&s,  it  likewise  coagnlates.  That  the  ceesation 
of  the  DiotioQ  does  not  cause  the  coa^nUtion  follnws,  since  blood 
rollected  over  memiry  roagnlatee  whether  it  is  shnken  or  not,  and 
further  from  the  fact  that  motion,  anch  as  beutitig  the  blood, 
facilitates  the  coagulation. 

The  reason  why  blood  cnagnlates  on  learing  the  body  is  therefore 
to  be  sought  for  in  the  inlluemiie  which  the  walls  of  the  living  and 
entire  bloorl-vesaela  erert  npon  it.  Tliene  views  are  ileriTeii  from 
the  obwrvalionrt  of  many  inv«itigatora.  Kroni  the  olwRrvatioMs  of 
IlKiTi^aN,'  Lister,'  and  FmuiKKtcc^*  ic  Ja  known  that  wlieii  a  rem 
fnit  of  blood  ifl  ligatured  at  the  two  ends  and  retnored  from  the 
body,  the  blood  may  remain  flTiid  for  a  long  lime.  HrOcjkk* 
allowed  the  hoari  removed  from  a  tortoise  to  beat  lit  U'^  C,  and 
found  that  the  blood  remained  nncoagulatcd  for  some  days.  The 
blond  from  another  heart  qnlckly  coagulated  when  collected  oTsr 
mercury'.  In  a  dead  heart,  m  ulao  iu  a  dead  blood-vcsael,  the  blood 
soon  coagnlatea,  and  also  when  the  walls  of  the  voKsel  aro  changed 
by  patliological  jtroocBBcs. 

What  then  is  the  inHnence  which  the  walM  of  Ihe  reoielK  exerl 
on  the  tiqaidity  of  the  circulating  blood  ?    FaruND  ^  has  fonud 

t  the  bloo<1  remains  fluid  when  ooljeotpil  by  mean:)  of  a  greased 

nla  under  oil  or  iu  a  veasol  smeared  with  voseliuc  If  the  blood 
collected  in  a  grea^t^d  re»o]  be  beaten  vUli  a  glass  rad  previou^ily 
oiled,  it  does  not  coagiilat«,  bnt  it  quickly  congidatoa  on  beating  it 
with  an  onoiled  glass  rod  or  when  it  is  ponred  into  a  tosbgI  not 
gTMsed.  The  nouHNrngnlability  of  blood  collected  under  oil  has 
been  conflrnied  Intur  )iy  HAvrKArr  and  Caklier.'  FheL'nd 
fonnd  on  furtlter  iuresLigiiting  that  the  evaponition  of  the  upper 
layers  of  blood  or  their  contamination  with  jtmall  quantities  of  dust 
tiauses  a  coagulation  e^en  in  a  veiwcl  tre.ired  with  vajsielme  Accord- 
ing to  FKKfNM,  it  is  this  adhesion  between  the  blood  or  between  its 
form-elements  and  a  foreign  ^nbstance — and  the  diseased  walls  of 


'  IIkotboh'k  work*.  «).  bj  Galli»*r.  London,  1878. 

«  Pruc.  Hoy.  Soc..  Vol.  la. 

'  Bocborelits  imr  In  constitntiDn  du  jilosnu  aftn^io. 

*Tlndtow'e  ArrLiv.  Bd,  12. 

»Wf<-n.  nil-.!,  .I»brb..  ia8«. 

•  Journal  of  Adm.  and  Phyaiol..  Vol.  22. 
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the  vessel  also  act  as  such — that  gives  the  impnlse  towards  coagnla- 
tion,  while  the  lack  of  adhesion  prevents  the  blood  from  coagulat- 
ing. This  adhesion  of  the  form-elements  of  the  blood  to  certain 
foreign  substances  seems  to  induce  changes  which  apparently  stand 
in  a  certain  relationship  to  the  coagulation  of  the  blood. 

The  views  in  regard  to  these  changes  are  very  contradictory. 
According  to  Alex.  Sciimii>t  '  and  the  Dorpat  school,  an  abun- 
dant destruction  of  the  leucocytes  takes  place  in  coagulation,  and 
important  constituents  for  the  coagnlation  of  the  fibrin  pass  into 
the  plasma.  According  to  Lowit'  and  other  experimenters  the 
essential  is  not  a  destruction  of  the  leucocytes,  but  an  elimination  of 
constituents  from  the  cells  into  the  plasma.  This  process  is  called 
plasmoschisis  by  L(>wiT. 

According  to  Bizzozoito'  and  others,  the  leucocytes  are  not  the 
starting-point  in  the  fibrin  formation,  but  rather  the  blood-plates. 
This  view  is  in  good  accord  with  the  recent  investigations  of 
LiLiKNFELD  and  MosEN.*  According  to  Liuenfeld  the  blood- 
plates  are  considered  as  derived  from  the  cell  nucleus  and  according 
to  this  author  the  fibrin  coagulation  is  a  function  of  the  cell 
nucleus.  This  view  is  contradicted  by  Ghiesbach'  because, 
as  he  claims,  the  nucleus  cannot  take  part  in  the  coagulation, 
but  that  in  the  first  place  a  part  of  the  cell  body  is  destroyed 
by  plasnioschises,  and  this  even  while  the  nucleus  remains  still 
intact. 

WooLDRiDGE*  takcs  a  very  peculiar  position  in  legard  to  this 
question,  namely,  he  considers  the  form-elements  as  only  of  second- 
ary importance  in  coagulation.  As  found  by  him,  a  peptone- 
plasma,  which  has  been  freed  from  all  form -constituents  by  means 
of  centrifugal  force,  yields  abundant  fibrin  when  it  is  not  separated 

'  PflOger'B  ArcLiv,  Bd.  11.  The  works  of  Alex,  Schmidt  are  found  in  Arch, 
f.  Anat.  und  Physiol.,  1861,  1862;  PflUger's  Arch.,  Bdd.  6,  9,  ll,  13.  Sec 
especially  Alex.  Schmidt,  Zur  Blutlehre  (I^eipzig,  1892),  which  also  giyes  the 
work  of  hia  pupils. 

'  Wien.  SitzuDRsber.,  Bdd.  89  and  90.  and  Prager  med.  Wocheoschr.,  1889. 
Referred  to  in  Centralbl.  f.  d.  med.  Wissensch.,  Bd.  28,  S,265. 

» Virchow's  Arch.,  Bd.  90 ;  Centralbl.  f.  d.  med.  WiBaensch.,  1888,  S.  17. 
161,  858,  568 ;  ftid.,  1888  ;  Virchow's  Festschrift,  1891. 

■  PflOger's  Areblv,  Bd.  60,  and  Centrelbl.  £.  d.  med.  Wisaenach.,    1898. 
8.497. 
•Us. 
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irvm  a  substance  which  precipitates  on  rooling.  This  ttubatdTice, 
vliich  Wooi.[>Kii)()i-:  lioR  aUIrd  A-flbrinoi^Dn,  seoms  to  be  identical 
vith  L<iwiT*s  glolmliii-^ilates,  and  it  consists  in  all  ])roLa)ii]ity  of  a 
nucleoprotetd,  which  is  perhupH  identical  with  prothrombin  n& 
iwlnted  by  I'kkrijiariko.'  A.i  this  nucleoproceid  originates, 
acordtngto  the  uuiinimoiiti  view  of  Duverat  iDTCStigatora,  from  tlic 
fonn •elements  of  the  blood,  either  the  blood-plates  or  leucocjteB, 
WnoLimiiMiE'sex|«erimenta  do  not  aoetn  to  contraiiict  thn  jj^enerally 
accepte«l  view  thiit  the  forni-elcments  of  tho  blood  are  of  the 
greatest  importance  in  the  coagulation  of  tlie  itame. 

The  TiewH  are  greatlr  divided  in  regnrd  to  tlio-to  bodies!  which  are 
elimiuated  from  the  form -elements  of  the  blood  before  aud  during 
ooagolation. 

According  to  Alex.  Si^nxinr'  the  lencoojrtes,  like  all  cells, 
contain  two  chief  groups  of  constitiieuts,  one  of  which  acc«ler»tes 
coagulation,  while  the  other  retards  or  hinders  it.  The  ^r«t  mar 
be  extracted  from"  tbt'  cells  by  alcohol,  while  the  other  cannot  hv 
extracted.  Ulood'i)l!*Bnia  contains  only  traces  of  thrombiu,  accord- 
iogto  ScBMiDT,  bat  does  contain  itsimtecedont,  pmthrombiu.  The 
bodies  which  accelerote  coagalation  are  neither  thrombin  nor  piti- 
thrombin,  but  they  a*:\  in  this  wise  iu  thai  tliey  ttpUt  olT  thrombin 
froiD  the  prothrombin.  On  this  accuurLt  they  are  called  zymojilastic 
tttimtftHces  by  Alex.  Schmil*!.  Tlie  nature  of  thesie  bodies  is 
unknown,  and  according  to  LiLiENfKi.i>'  liH^FO,  is  found  umoDgBt 
tbem,  and  ijcituiDT  has  given  iio  notice  of  their  behavior  to  the 
Iime>i!alt6.  which  have  bueu  found  to  have  zymopluslic  activity  by 
other  invetitigulors.  Tlie  constituents  of  the  cells  which  binder 
QpagnUtiou  uud  which  ai-e  insoluble  in  alcohol*ethcr  are  compound 
proteids  and  hare  been  called  itjlo^iobtn  and  pTrghbuUn  by 
HciiMiOT.  The  retarding  action  of  tiioDo  bodies  may  be  i^upprc^ed 
hy  the  addition  of  zynioplastiu  subutances,  and  the  yield  of  fibrin  ou 

ulalion  in  this  cose  is  much  greater  than  in  the  ubgonco  of  the 

[pound  proteid-returding  coagalution.  This  lust  su])plie«  the 
material  from  which  the  fibrin  is  produceil.  The  process  is,  occonl- 
ing  to  Si'UUll>T,  as  follows:  The  preglobulin  first  splits,  yielding 
Krglobulut.  then  from  this  llie  liUrinogen  w  derived,  and  from  this 

>  1J«t>er  Am*  Fibrinfenoeni.   VorhaodL   d.  kon.  Akad.  von.  Wetensch.  \a 
Anmenlun,  rhwl  l.  No.  a,  1902. 
'  Zof  Dtutlvbrv. 
*  Weltara  BeiirOgs  sur  Keunuiias  iler  Blutgeriunuu^.     Berlin,  1598. 
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latter  tlie  fibrin  is  produced.  The  object  of  the  thrombin  is  two- 
fold. The  tlirombiii  first  splits  the  fibrinogen  from  the  paraglobuliu 
and  then  converts  the  fibrinogen  into  fibrin.  Alex.  Scumidt  i^ 
now  agreed  with  most  investigators  that  fibrin  is  produced  by  an 
enzymotic  transformation  of  the  fibrinogen,  and  the  infiiience  of  the 
serglobiiliu,  as  observed  by  him  on  the  quantity  of  fibrin  formed,  he 
exphiius  now  by  the  assumption  that  the  fibrinogen  is  produced  by 
the  splitting  of  the  serglobulin. 

According  to  Schmidt  the  retarding  action  of  the  cells  is 
Ijrominent  during  life,  while  the  accelerating  action  is  especially 
pronounced  outside  of  the  body  or  by  coming  in  contact  with  foreign 
bod  ies.  The  parenchymous  masses  of  the  organs  and  tissues,  through 
which  tlic  blood  flows  in  the  capillaries,  are  those  cell  masses  which 
serve  to  keep  the  blood  fluid  during  life  (Alex.  Schmidt). 

LiLiENFKLD  '  has  given  further  proofs  as  to  the  occarrence  in 
the  form-elements  of  the  blood  of  bodies  which  accelerate  or  retard 
the  coagulation.  According  to  this  author  the  nature  of  these 
bodies  is  very  markedly  different  from  Schmidt's  idea.  While, 
according  to  Schmidt,  the  coagulation  accelerators  are  bodies  solu- 
ble in  alcohol,  and  the  proteids  exhausted  with  alcohol  only  act 
retardiiigly  on  coagulation,  Lilienfbld  states  that  the  substance 
which  acts  acceleratingly  and  retardingly  on  coagulation  consists  of 
a  nucleoproteid,  namely,  nucleohiston.  Nncleohistoii  readily  splits 
into  leucnniiclein  and  histou,  the  first  of  which  acts  as  a  coagulation 
excitant,  while  the  other,  introduced  into  the  blood- vascular  system, 
either  intravascular  or  extra  vascular,  robs  the  blood  of  its  property 
of  coagulating.  Introduced  into  the  circulatory  system  the  nucleo- 
histon si>lits  into  its  two  components.  It  therefore  causes  extensive 
coagulation  on  one  side  and  makes  the  remainder  of  the  blood 
uucoagulable  on  the  other. 

LiLiENFELu'  is  of  the  view  that  fibrinogen  does  not  exist  dis- 
solved in  the  plasma  of  the  circulating  blood.  It  passes  into  the 
plasma  on  the  disintegration  of  the  leucocytes  and  originates  from 
the  substance  of  cell  nuclei  of  the  leucocytes.  Nucleohiston  may 
be  directly  transformed  into  fibrin.     Lilienfeld's  theory  at  the 

■  See  LilienTeld :  Ueber  LeukocTten  und  BlutgerinnuD^.  Verhandl.  d. 
physiol.  Qesfllluch.  zn  Berlin,  No.  11,  1893;  Ueber  den  flilsai^en  Zuatand  del 
Blutea,  etc.,  ibid..  No.  16,  1893;  and  Weitere  Beltr%e  lar  Eentnisas  der  Blat- 
gerinnoD^,  Awl.,  July,  1893. 

•  ZeitMihr.  t.  physlol.  Chem.,  Bd.  90. 
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prascnt  time  is  that  on  leaving  the  vein&  Ute  leuoooyEea  of  Uie  lilowl 
ore  deetrojeii  or  the  iincleiu  Habetauoe  jushbh  into  Llm  ])latirna.  Tliitt 
naclein  sabet&ncc  5pliti>  liie  fibriiio^u  iutu  thruuiimHiii  luiil  h  aiib- 
stunce  which  gives  the  hinret  reliction.  The  thnmthusin  ciimhiiiee 
Witli  the  snluMo  calcimn  Baits,  fnrming  fibrin.  Thg  leiiroiiticleiii  ia 
therefore  the  real  uoagnlutioii  exciter  {xwl  l\w  I'lbrin  funneiit);  the 
Xmixm  sptic  from  the  iiucleohJstoa  has,  ou  the  contrarv,  a  retanliiig 
Action  on  coagulation.  Aa  tiie  blood-phites  conLuiii  riiinletn,  they 
u  well  as  the  leacocyies  tuke  lui  active  jiart  iu  the  Uhrin  conguia- 
tioiu 

HKCrKi:  shuvretl  long  ago  that  flhrin  loft  an  atih  eotituiniiig  csU- 
Atum  pho<ipliftte.  Tho  fact  thiLCcalcinm  tuUis  niay  fociLitutc  or  even 
catiHe  II  coagiilation  in  Uquiils  poor  iu  fermeDt  has  hoen  knovn  for 
acTcral  years  tliroa-jh  the  raseiirchos  of  the  actiioh,'  (irbhn,* 
RiNOp.ii,  and  SAiNsitiitv.'  Thu  neceasity  of  the  lime-AiUbd  for 
coagulation  was  first  shown  poBitiroly  hy  the  important  iuTestigii- 
tion*  of  AnTirrrt  and  PAufes.'  In  regurd  to  tbo  manner  in  which 
the  litne-dalttf  act  we  have  only  lately  been  able  to  come  to  u  reralt. 

PReiTKO '  has  given  the  following  explanation  for  the  action  of 
litne-Bolta:  The  alkali  phoAphatos  pa^  from  the  fonn-eloinontii  into 
the  plaema,  which  m  richer  in  lime-^lts  and  forms  calcium  phos- 
phate. If  the  quantity  of  calcium  phosphate  in  the  plasma  or  other 
ci«.-ignlahle  liquid  i«  so  great  that  it  cannot  be  kept  completely  in 
solutimi,  then,  according  to  Fhki'xu,  tbo  separation  of  the  excess 
is  the  cMQsc  of  a  port  of  the  [>roteidB  becoming  insoluble,  that  is, 
a  cftQ*fc  for  coagulation.  Weijrbty  objeotiona  can  be  mode  against 
this  view,  and  it  is  uUo  confuted  by  L&TmUEiiBEBUEH '  and 
Stsaitch.' 

According  to  Pkkeij!aiun«*  the  prooeM  ia  as  follower  The 
prothrombin  is  converte<i  into  thrombin  by  tbo  action  of  the  soluble 
lime-Efultsaad  Qnids  otherwise  capivble  of  coagalation,  which  uont«tua 
only  prothrombin,  but  no  thrombin  can  therefore  be  brought  to 

>  Nora.  Acta.  r^.  Soc.  Sdent   Upaalft.  Ber.  OI.  Vol.  IOl  187t. 
« Jonm.  of  l*hTMol,,  VoL  9. 
■/W..  Vols.  11  atKl  -3. 

*M.  Artliua.  RvclierchMi  sur  Ik  CoaffuUtioa  du  rmag..  Paris,  IStK);  Arthos 
«t  VngiA:  Xoavellu  Tltvoris,  otc..  Arcli.  <In  Pbyaiol.  (0),  Tcnne  3.  1800. 

•  Wien.  med.  J&hrb..  1888.  6.  Sftfi. 

■  /Mf.,  188a,  S  479,  uid  Wkn.  med.  Wnchonsclu-..  IB8& 

•  I>bs»rtetiao.     D<>rp»t.  ISSD     lief.  Ualy'a  JaUrasber.,  Bd.  \», 

•  Vlrabow's  FwMohhIt.  Bd.  1,  1S81. 
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coagulation  by  the  addition  of  eoluble  lime-salts.  Thrombin, 
according  to  Pekeljiaieing,  is  a  lime  combination  of  protlirombin, 
and  the  process  of  cougiilatiou  consists  in  thitt  the  thrombin  carrit'd 
the  limo  to  the  fibrinogen,  which  is  converted  into  the  insolnble 
combination  of  fibrin  and  lime.  The  tlirombin  is  hereby  recon- 
verted into  prothrombin,  vrliich  again  takes  up  lime  to  be  traui^- 
I'ormed  into  thrombin,  which  gives  up  its  lime  to  a  new  portion  u; 
fibrinogen,  converting  it  into  fibrio;  and  so  on.  This  eiplanatioii 
of  the  process  is  only  a  hypothesis,  but  the  formation  of  thrombin 
from  a  mothor-substaiice  by  the  action  of  sohible  lime-salts  is,  on 
the  contmry,  a  positively  proven  fact. 

It  18  a  question  whether  the  prothrombin  exists  in  the  plasma 
of  the  circulating  blood  or  whether  it  is  a  body  eliminated  from  the 
form-clcnicut:^  before  coagulation.  Alex.  Schmidt  claims  that  the 
circulating  plasma  contains  prothrombin,  but  Pekelhahiso  dis- 
claims tills.  lUood-plasma  obtained  by  means  of  leech  infusion 
does  not  coagulate  on  the  addition  of  lime-salts,  but  does  on  the 
addition  of  a  prothrombin  solution.  The  form -elements,  especially 
the  blood-plates,  are  particularly  well  preserved  by  such  plasma; 
and  according  to  PEKELiiAitiS'ti  it  is  probable  that  the  circulating 
plasma  does  not  contain  any  nieutionable  amounts  of  prothrombin, 
and  that  this  body  emerges  from  the  form-elements,  perhaps  the 
blood-plates,  liefore  coagulation. 

In  opposition  to  the  view  of  Alex.  Schmidt,  who  considers  the 
fibrin  coagulation  as  an  enzymotic  process,  Wooldbidge  '  is  of  the 
opinion  that  the  fibrin  ferment  is  not  the  cause  of  the  coagnlation, 
l)ut  is  a  product  of  the  chemical  processes  taking  place  during 
coagulation.  WooLTHtinuE  claims,  on  the  contrary,  that  lecithin 
and  jirotein  substances  containing  lecithin  are  of  the  greatest  im- 
portance in  the  coagulation.  This  product  is  obtained  by  cooling 
thi'  peptone-ptasnia  which  luia  been  centrifugated,  and  the  substance 
wliich  scpiivates  lias  been  called  by  WooLDHumE  -I-fibrinogen. 
The  plasma,  according  to  Woolduidge,  contains  in  itself  all  quali- 
tiort  net'Pssiiry  to  produco  a  coagulation,  and  the  form-elements  are 
oiilv  of  a  secondary  importance.  Peptone-plasma  which  has  been 
centrifugated  aiul  which  is  entirely  free  from  form -elements,  but 
contains  the  .1 -fibrinogen,  coagulates  on  diluting  with  water,  by 
the  passage  of  carbon  dioxide  through  the  liquid,  or  after  the  ftddi- 

>  The  summuy  of  th«  obwrrRtions  of  Wuoldridge  are  found  in  the  pra- 
^•^  imM  •'  Die  Gerinnang  dea  Blutes  "  (M.  v.  Prey,  1881). 


tyTRAVAFCULAB  COAGVLATIOX. 


161 


tion  of  a  little  ncctic  acid,  and  che  6briu  rermctit  ia  thereby  ffimied. 
WnoLOBiwiF  dcaignntcH  lu  ("-flhrinogcu  the  orilimiry  (ibrjtiogen 
isolated  bj  the  mctbod  Buggcated  on  pugo  113.  Tliis  fibrinogen 
oecnw  indeed  in  imnsutlntionB,  bnt  it  only  occurs  in  the  peittnrie- 
plaama  in  very  Bmall  ^jnantities.  A  third  fibrinogen  occnra  In  the 
greatest  amonnta  in  the  pcptonc-plmmii,  ami  tliis  in  the  moiher- 
Bobstance  of  the  C-fibrinngcn,  nnd  cjilled  ^-tihrinogen  by  Wooi^ 
t>Rti>uK.  The  B-fibrinogen  is  comrerted  into  tllirin  by  lecitliin  nnd 
leucocytes  from  the  lymiihatic  glanils,  btit  not  by  fibrin  ferment  or 
blood-aenini.  After  the  previons  action  of  Beruni  or  fibrin  ferment 
the  B-iibrinogen  yields  fibrin  on  ililnting  with  water.  The  one 
m«t  essential  for  the  fibrin  coagnlation  in,  according  to  Wool- 
riRiiM«R,  a  reciprocal  action  between  A-  and  fl-flhrinogen.  An 
exchange  of  lecithin  from  the  .4-fibrinogen  to  the  j9-fibrinog«i 
takes  place. 

Ham.ibcbton  *  has  opposed  weighty  argnmonts  to  thin  theory 
It  is  also  difficnlt  to  find  in  Wooi.DKlUfiK's  discnsflion  conclngive 
proofs  for  the  nbore  riews.  and  the  cxpcrimeTitfl  by  which  tbey  are 
supported  are  interpreted  with  dilficnlty.  On  acroont  of  the  very 
complicated  condition  of  tlie  qnestJon  of  coagnlation  at  the  present 
time,  it  In  iniftouisible  to  draw  any  definite  eoncliisiong  from  th« 
observatioufl  of  Wooldridoe. 

/HtravojKular  cowjnladoit.      It    haji    tjeeu    shown    by   Alex. 

rmirr  and  bis  stndenta,  a«  also  by  Woolliridoe.  Wkiobt,'  and 

jrs,  tlittt  an  intraTftSfiilar  coiigitlalion  may  bo  brought  about  by 
the  intmveiionH  injection  into  tho  circulating  blood  of  a  large 
quantity  of  a  thrombin  solntton,  as  a1»o  by  the  injection  of  leuco- 
cytes or  tinsae  fibrinogen  (impure  nncleohiaton).  In  nibbits  this 
<:oagalation  may  extend  through  the  entire  voscnlar  syBtcui,  while 
in  dogs  it  ia  ordinarily  confined  to  the  portal  system.  The  blood 
in  the  other  parto  of  the  vaRCiiInr  system  hoj  generally  u  decreased 
coagnjat  ability.  If  too  little  of  the  abore-montiooed  bodiea  be 
injected,  then  we  only  observe  a  marked  retiirdiag  tendency  in  the 
coagulation  of  Ihe  blood.  Acconling  to  WooLDKinuK  we  can 
g«nerally  maintain  that  aft«r  a  ftbort  aUge  of  accelerated  ooogala- 

•  Joomal  at  Pbj^lol..  Vol.  0. 

*  A  st'jdv  nf  iLu'  InirHTaMiiilAr  coKgnluioD.  eti?.,  Proowd.  of  lb«  Rnr.  Irish 
\c%&  (3).  Vol.  'Ji  s^-p  hIhii  Wriffbt  :  Lectura  on  litiHUi-  or  ntllGlirinoi^t'ii,  Tli« 
Ijanr-ft ;   IMtS .  uul  Woohlridgw'K  M«tltod  of  prndiicing  Irumunitjr.  ete,.  Brit. 

i<tA.  .luurDid.  S«[it.  1891, 
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bilitj,  which  may  lead  to  a  total  or  partial  intravascular  coagalation, 
a  second  stage  of  a  diminished  or  even  arrested  coagulability  of  the 
blood  follows.  The  first  stage  is  designated  as  \he  positive  and  the 
other  the  negatwe  phase  of  coagulation.  These  statements  have 
been  confirmed  by  several  investigators. 

There  is  no  doubt  that  the  positive  phase  is  brought  about  by 
au  abundant  iutrodactiou  of  thrombin,  or  by  a  rapid  and  abundant 
formation  of  tlie  same.  According  to  Alex.  Schmidt,  the  zymo- 
plastic  substances  soluble  in  alcohol  are  active  in  these  processes, 
wliile  according  to  the  investigations  of  Pkkelharin(1  this  action 
is  caused  more  likely  by  the  leuconncleiiis,  split  off  from  the 
uucleohiston.  According  to  Wooldkidoe,  hie  tissue  fibrinogen 
does  not  produce  any  iutravascular  coagulation  if  it  is  freed  from 
contaminating  bodies  by  means  of  alcohol.  This  corresponds  with 
the  statements  of  Al£x.  Scumidt,  but  still  further  investigations 
are  necessary. 

In  regard  to  the  origin  of  the  negative  phase,  attention  has  been 
called  to  histon,  wliich  has  a  retarding  action  on  coagulation,  and 
which  is  split  off  from  the  nucleohiston.  According  to  Wriqut 
and  PEKELiiAuiNti,  the  retarding  substances  are  albumoses,  which 
are  formed  in  tlie  decomposition  of  the  nucleoproteids.  Albamoses 
have  been  detected  by  these  investigators  in  the  blood  of  animals 
during  this  phase,  and  also  in  the  urine  after  intravenous  injection 
of  tissue  fibrinogen.  According  to  Pekelharino,  the  albumoses 
act  by  combining  with  the  calcium  of  the  blood,  and  in  this  wise 
preveutiug  coagulation.  Grosjean'  has  found  that  blood  which 
lias  regained  its  property  of  coagulation  24  hours  after  an  albumose 
injection  will  not  Iiave  its  coagulation  prevented  by  a  freah  injec- 
tion of  albumose,  hence  it  is  immune  against  albumose  injection. 
He  also  infers  from  these  experiments  that  the  albumose,  to  have  a 
]ireventing  action  at  all,  must  first  undergo  a  change  in  the 
oi-rranism.  This  has  been  further  studied  by  Conte.iean,'  who 
finds  that  under  the  influence  of  injected  albumose  a  special  snb- 
stance  is  secreted  in  tlic  animal  body  which  prevents  coagulation. 
Tills  seems  to  be  brought  about  by  means  of  the  liver  and  intestine. 
A  dog  may  be  made  immune  against  the  preventive  action  of 
albumose  by  previously  injecting  a  small  quantity  of  "  peptonized 
blood"  into  the  vessels.     The  body  hereby  loses  its  property  of 

'  Travaax  du  Ubontoire  de  L.  FrgJeriq.    Tome  4.     Liige,  1693. 
»  Aich.  de  Physiol.,  Ser.  6,  Tome  7. 
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prodaciDg  subetancos  which  prevent  cougalatiou  audor  t}tQ  iiiQiience 
«f  injectod  albamoees. 

Wriukt  givoe  u  reason  irh,r  Iho  intravaacalar  cougulation  of 
the  hlood  of  a  dog  is  ordinarity  conflned  to  the  portal  Bystenii  in 
the  twcX  that  it  concaiiis  Urgnr  qiiiuiutica  of  carlwu  dioxide.  An 
iucreased  quiuitity  of  carbon  dioxide  in  tho  blood  favore  tho  appear- 
ance of  tho  jKMitive  phiusc,  und  an  intnirascahtr  cou^lutJon  may  be 
prodoced  ia  do^,  who  are  ai!p(iyxifltod  by  rliimping  the  tmclico,  by 
injecting  tissue  fibrinogen  (impure  nucli!oliii>Uin). 

The  ffaaes  of  the  blood  will  be  treuted  of  in  Ctiaptcr  XVII  (on 
raB})tnUon). 


¥ 


IT.  The  Quiintltatlve  Coin|H>Httioii  ol*  the  BIocmI. 

The  qaantitatiro  amUysis  of  blood  cannot  be  of  ralne  for  the 
blood  as  an  entirety.  Wo  mnst  ascertain  on  one  side  the  relation- 
ship of  tlio  plaauift  and  blood-corpiiBcIea  to  each  other,  antl  on  the 
otlier  side  the  constitution  of  each  of  these  two  chief  constituentB. 
The  ditticnltics  which  stand  in  the  way  of  snch  a  task,  especially  in 
regard  to  the  living,  non-roagnlnteil  blooil,  have  not  been  removed- 
Since  the  constitution  of  the  hIoo<l  may  differ  not  only  in  diftereut 
vaacalar  regions,  but  also  in  the  sauie  region  under  dLHerent  cir- 
cnmstances,  which  renders  also  a  number  of  blood  nualyses  ueoes- 
sary,  it  can  hardly  appear  remarkable  that  our  kuowIoUge  of  the 
constitntioa  of  the  blood  is  still  relatively  limited. 

The  relative  volame  of  blood-corpasclcs  and  semm  in  defibri* 
blood  may  be  determined,  orxtording  to  L.  and  M.  Blbib- 
ITBBV,'  by  varions  metho«lg  if  tlip  defibrinate<l  blood  is  mixed  with 
diSurent  proportions  of  NaOl  solutions  of  0  p.  m.  (1  vol.  salt 
sohittoti  to  I  vol.  blood),  the  btood-corpiiscles  uUowod  to  settle  to 
the  bottom  or  fuL'ititated  by  cctitriftigal  force,  and  the  dear  snper- 
natant  mixtnre  of  eeroin  and  common-sfUt  soUition  siphoned  off. 
The  metho«U  are  as  follows; 

1.  Determine  the  quantity  of  nitrogen  in  at  least  two  dilTorent 
portions  of  the  mixture  of  serum  and  salt  solution  by  means  of 
KjBU>\H[.*e  method  and  calunlate  the  qnantity  of  proteid  corre- 
sponding thereto  by  multiplying  with  6.25,  and  tho  relative  volume 
of  blood  r  and  also  the  volnme  of  tho  atructnral  elements  (1  —  x) 
is  found  by  the  following  equation: 


PftU^r  s  Aivtuv,  Bd.  U. 
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In  this  equation  (for  mixtaree  1  and  2),  d,  or  d,  representa  the 
Tolame  of  blood  in  the  miitore,  «,  or  a,  the  Tolnmeof  salt  solation, 
and  e,  or  e,  the  quantity  of  proteid  in  a  certain  volame  of  each 
mixture, 

2.  Determine  the  specific  gravity  of  the  blood-Bemm,  the  salt 
eolation  and  at  least  one  of  the  mixtures  of  serum  and  salt  solation 
by  means  of  a  pyknometer.  The  relative  volume  of  serum  x  is- 
found  in  this  by  the  following  equations: 

-  «   S-K 

^~  b'  S,^  K' 

In  this  equation  s  and  h  represent  the  volumes  of  salt  solution  and 
blood  mixed.  S  represents  the  specific  gravity  of  the  obtained 
serum  and  salt  solntion  obtained  on  allowing  the  blood -corpuscles 
to  settle,  S,  the  ap.  gr.  of  the  serum,  and  A"  that  of  the  salt  solu- 
tion. 

For  horses'  blood,  two  other,  shorter  methods  may  be  made  use 
of  (see  the  original  article). 

Uaubl'BGER  '  raises  special  objections  to  the  above  methods,  but 
according  to  BbBiBXREU  they  are  of  no  practical  importance  as 
long  as  the  blood  is  not  diluted  with  more  than  an  equal  volume  of 
the  salt  solution.* 

Eykmax'  and  Hedix  '  have  raised  important  objections  to 
Bleiutkel'^s  method.  They  have  shown  by  different  methods  that 
the  red  corpuscles  are  not  changed  in  volnme  only  in  such  salt 
solutions  which  are  isotonic  with  the  plasma  or  serum.  (In  regard 
to  the  osmotic  pressure  of  the  blood-corpuscles  and  the  isotonic 
relationship  of  salt  solutions  and  scrum,  sec  Hambi'Kotir  '.)  Such 
»  solution  is  not  one  containing  6  p.  m.  XaCl,  for  human,  ox,  or 
horse's  blood,  but  rather  one  containing  about  9  p.  m.  jSaCI 
(Lackschewitz  •).  The  blood-corpuscles  swell  up  in  a  solution  of 
6  p.  m.  NaCI,  aud  therefore  an  abundant  exchange  of  constituents 
takes  place  between  them  and  the  salt  solution:  hence  Bleibtbei's 
method  is  incorrect.  Hedis,  as  before  him  Biernacki/  could  not 
obtain  corresponding  results  of  the  volume  of  corpuscles  calculated 
from  the  nitrogen  determined.  The  question  arises  whether  tliis 
method  is  available  if  we  use  an  isotonic  salt  solution.  According 
to  Hedin  this  is  not  true,  as  he  has  found  that  the  red  blood- 
corpuscles  take  np  considerable  quantities  of  plasma  proteid,  even 

'  Centralbl.  f.  Physiol..  B.I.  7,  9.  161. 

*  See  M.  Bleibtrea,  PHQ^'er'd  Areliiv,  Bd.  56. 
■  PflQgura  Arch.,  Bd.  60. 

*  Ibid.,  and  Skuid.  Arch.  f.  Pbysiol.,  Bd.  5. 

*  TircboWH  Arch..  Bd.  140.  S.  305. 

*  Pflttger's  Arch.,  Bd.  !». 

*  Zeitschr.  f.  pliyaiol.  Cb«m.,  Bd.  19. 


I 


I 


in  isotouic  comnion-Milt  iwItUinn,  wiUioiit  chuiiging  their  volume. 
This  BUitemeiit  is  tli^piited  liv  M.  Hlimbthki,'  and  the  anatysefl 
made  by  using  an  i^tonio  salt  solation,  altbongh  not  nnmeroDg, 
hare  leU  to  very  pootl  results. 

For  cltiiic»l  ptirpotMffi  thu  rulutivu  volume  '>f  corpasoles  in  Uio 
blmxl  niuy  be  lieterrnined  by  the  use  ol  a  smull  contrifngo  catloil 
htfinatoerU ,  conatrncied  by  liux  and  doscrilwd  and  testwl  by 
IIepis.*  a  nieft-snrfid  qniuitily  of  blood  ia  niiied  with  a  known 
Tolame  (beat  an  equal  rolnme)  of  ii  flnid  vhich  prorents  congnlo- 
tion.  This  mixtarc  is  introdticod  into  a  tube  and  then  ccntririi^ed. 
IIeoik  uses  MOi.r.KR's  Mlntion  as  a  dihitio^  fluid  and  Haland'  a 
3.5<  solution  of  pota^ium  bivhrumutu.  AfUT  complete  ueutrifn* 
gation  tlie  layer  of  blood -coriiusclea  is  n*ud  olT  on  the  ymltiated 
tube,  and  the  volume  of  blood -corpuscles  calcnluU-d  in  1(K>  vols,  of 
the  blood  therefrom.  Uy  means  of  ronipamtive  ronnti  ITrihn  and 
Dalaxd  have  foiuid  that  an  approximately  constant  r»lar.ion  exists 
between  the  volume  of  the  layer  of  blood -corpui>cIe«  ajid  the  number 
of  red  corpuscles  under  phvBiotegical  conditions,  so  tlmt  the  number 
of  corpuiMilea  may  be  calcntatod  from  the  volume.  Dalano  has 
aboirn  that  such  a  calculation  giree  approximate  reetilta  also  in 
disease,  when  the  sizo  of  the  blood •corputtclca  does  not  ossentiallj 
de?lAte  from  the  normal.  In  certain  diiwaaefi,  snch  as  perniciona 
Aoerota,  thia  method  gives  such  inaccurate  results  that  it  cjinuot  be 
used.  The  nselessne^s  of  this  method  for  tlie  exact  estimation  of 
the  rolnme  of  blood-corpuecIcKhasheon  demonstrated*  by  L.  Hi-Htit- 
TKEt'.'  EvKM.i.v  as  well  ^  Hr:iiis  repudiate  the  objections  maile 
by  Bi.KinTKEr  against  the  bKmatocHt  method;  bnt  they  also  show 
thi^  MCller*9  solution  as  well  as  the  'i.n%  potassium  bichromate 
solution  causes  the  blood -corpuscles  to  swell  up,  and  hence  lead  to 
inoorrect  reaalte.  According  to  Uedik,  in  working  with  the 
hematocrit  dilute  the  blood,  which  is  ke])t  tlnid  by  »  1  p.  m. 
oxalate  solntinn,  with  an  eqtiiLl  volumu  of  a  solntion  containing 
9  p.  m.  KaCl.  Under  these  conditions  the  determination  of  the 
volume  of  blood-corpusclea  by  the  hnematocrit  method  is  very 
Berviceable.  This  method  is  not  available  for  the  exact  determina- 
tion of  the  volume  of  corpusclcB,  because  the  stidimout  of  blood- 
oorpascles  to  all  appearances  does  not  consist  only  of  blood-cor- 
pusoles,  bnt  also  some  plasma. 

If  wo  know  the  relationship  between  the  vnlnme  of  corpnacles 
and  blood  liquid  we  can  al^o  estimate  the  relative  weights  by 
determining  the  specific  gravity  of  the  blood  and  twrum.  In  direct 
determinations  of  the  proportion  by  weight  we  proceed  in  the  fol- 
lowing way : 

>  PflO^or'tt  Arch..  Bd.  60. 

»  8k»ndin«v.  Arcli.  I.  PL/siol..  Bd.  2.  S.  134  and  861. 

>  ForlMbritlB  d.  Med.,  Bd.  9.  1891. 
*  Bl«rD&cki.  2i«it«lir.  f.  phjniol.  CliBin..  Bd.  19. 
'  B«rl.  kliu.  Wocliensclir..  1^93.  Nq.  JO. 
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n  any  snbstanoo  ia  fonnd  in  the  blood  which  belonfrs  exclnsirclT 
to  the  ptiifiniii  nnd  does  not  occnr  in  the  blood -corpneclea,  then  the 
iLnionnt  of  plasma  contntned  iu  the  blorxl  nmy  )>e  calculuted  il  we 
deteroiiite  the  amount  of  this  siibt>tjiuce  in  100  partd  of  the  pUi8En&. 
or  Bcruni,  reapeotivoly,  on  one  side  and  in  100  [wirta  of  tlie  blood  oa 
the  othtir.  If  wo  rtipresurit  tho  ainoimt  of  this  snbstance  in  the 
plasma  by  p  and  in  the  blood  by  h,  then  the  amonnt  of  x  in  the 

plasma  from  100  parte  of  blood  U  a  = '— . 

Such  a  aubstnnce,  which  occnn  only  in  the  plasma,  \»  fibrin 
according  to  Uoppe-Seyler,'  sodium  aucordiug  to  Bl'Xoe'  (in 
certain  kinds  of  blood),  mid  sugar  according  to  Orro.*  Tlio 
experinionterfi  just  named  have  tried  to  determine  the  amonntof 
the  plasma  and  htood-norpimclfa,  respectively,  in  different  kindaof 
blood,  starting  from  the  above-mentioned  eiibfttfinces. 

Another  method,  8iigsreste«l  by  Hoppk-Seyleu,'  is  to  determin* 
the  total  amount  of  hiemoglobia  and  proteids  in  a  portion  of  blood, 
and  on  the  ullior  hand  the  amount  of  liEemuglcbin  luid  proieids  in 
the  hlood-oorpnscles  (from  an  equal  portion  of  the  same  htood), 
whi^h  hiivo  been  Bufficiently  washed  with  commnn-Balt  solntion  by 
centrifiignl  forre.  The  litres  obtained  aa  a  difference  between 
these  two  determinations  correspond  to  the  amount  of  prot«id& 
which  wiis  contained  in  the  serum  of  the  first  portion  of  blood.  If 
we  now  deteriiunu  the  |)i'otcid8  iu  n  special  portion  of  serum  of  the 
same  hlood,  then  the  amonnt  of  serum  in  the  blood  is  easily  deter- 
mined.  The  nfiefci1nef»  of  thiR  meihod  has  been  confirmed  by 
BcNOE  by  the  control  ezperiineuts  with  the  Bodiitm  determi nations. 
If  the  amount  of  serum  and  blood-corpuscles  iu  the  bluvd  is  known, 
and  wo  then  determine  the  amount  of  the  dilterent  blood -co  nstit- 
uenla  in  the  bloi^d-sortini  on  one  gide  and  of  the  total  blood  on  the 
other,  the  distribution  of  these  difTerent  hlnod-consrtituenta  in  the 
two  fihief  components  nf  the  biood,  plasma,  and  blood-corpusclM 
may  be  a»c;ertji.ined.  Aernrdin^  to  the  jui^t-mentioned  procedure, 
the  following  anulyoes  of  pig's  blood  and  ox's  blood  hate  been  made 
by  Bi'Nrii:.  The  analyt!et>  nf  litiman  blootl  have  been  made  by 
t".  SnrMlDT*  according  to  another  method,  which  perhaps  have 
njlven  rather  too  high  results  for  the  weight  of  the  hlood-corpnsclee. 
All  Bgures  represent  parts  iu  lUUU  jmrts  of  blood. 

■  lUri'Ih  (I.  plirBiol.  und  pnthol.  ofaetn.  Asal^ae,  6.  AuB.,  S,  417. 
'Zeitschr.  f.  Wiologie.  Bd,  12. 
>  PflOitor'ii  Arcliiv,  Bd.  85.  8.  490-488. 

'  i^  llandh.  d.  pbysiol.  und  pathul.  clivm.  Analyse,  8.  Aull. 
*  CiUsI  nnrl  pnrtif  r<»calcuUU)d  fruin  v.  tiiirup-BoBuiin,  L«tirb.  der  ^jaioL 
Chem.,  4.  Aofl.,  S.  H3. 
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Hoppb-Sbtlbr,  Sachabjin','  and  Otto'  found  584.9-693.5 
p.  m.  plasma  aud  415.1-300.5  p.  ni.  blood -corpuBclca  in  horae^g 
blood.  Bl'NOb'  foand,  on  the  t^ootrury,  in  un  aiialj-ais  tij8.5  y.  m. 
leritm  and  531.5  p.  m.  blood -corpusclcB — more  Uood-eorpuscleB, 
tlierufore,  tliau  eeram.  For  hamsu  blood  Auuonct'  lias  foond 
478.8  p.  ni.  blood -corpaacles  and  531. i!  p.  tn.  aorum  (iu  defibri- 
DAtcd  blood)  aa  on  arorogc  of  nine  determinations.  Scu.h'elubh  * 
foand  349.  G  and  C50.4  p.  m.  reapectively  in  women. 

The  relationship  betwoon  blood -cor]macle«  and  i>la8nia  Taries;  in 
the  blood  of  men  it  is  about  fiO<  of  the  weight  of  the  blood,  while  in 
women  it  is  somewhat  more.  The  quantity  of  plasma  in  animals  ta 
often  greater,  and  in  certain  ciwfts  it  may  indeed  be  two  thirds  of  the 
wuglic  of  the  blood.  The  relationship  between  the  coqmscnlar 
ftlunentB  and  the  plasma  may  nndergo  marked  flnctaation.  L.  uid 
M.  BLCiitTKKL'  fodtid  in  JO  experiments  witli  defibrinated  horse- 
blood  that  the  relative  volume  of  form-elements  varied  between 
201.4  and  409.5  p.  m.  The  relative  volume  of  blood  liquid  to  the 
oorpagcular  elements  varies  aceording  to  the  nmnnur  in  which  the 
blood  is  drawn  from  the  animal.  L.  and  )I.  ULKtBTRBU*  have 
loand  that  the  blood  from  a  killed  animal  is  rogntarly  richer  in 


'  Hnppe-fisylWa  Pbyaiol.  Chem.,  1877-1881,  8.  447. 

*  Pflag«r'a  Atchiv,  Bd.  SS. 

•I.e. 

«  U«l7'8  JftliMeber..  Bd.  17.  S.  139. 

•CeotnU'il.  r.  PliTsiu].,  BO.  5.  8.  363. 

•L.c. 
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corpuBcles  than  blood  taken  from  the  veins.  Water  occars  in  tho 
greatest  amonnt  in  the  plasma  or  serum,  which  latter  ordinarily 
contains  at  least  -^  water,  while  the  blood -corpascles  contains  only 
a  little  more  than  ^  or  about  \  water.  Iron  probably  occnrs  only 
hi  the  blood-corpuscles.  Chlorine  and  sodinm  prevail  in  the 
plasma,  while  potaasium  and  phosphoric  acid  prevail  in  the  blood- 
corpuscles.  In  a  few  varieties  of  blood  (pig's  and  horse's  blood) 
the  sodinm  is  found  exclusively  in  the  plasma  or  semm,  the  potas- 
sium prevailing  in  the  blood -corpuscles  (Bunge  ').  In  dog's  and 
ox's  blood  the  blood -corpuscles  are,  however,  richer  in  sodinm  than 
ill  potassium  (Bunoe).  In  man  the  potassium  exists  in  large 
quantities  in  the  blood -corpuscles  and  only  in  very  small  quantities 
in  the  plasma  (C.  Schmidt,'  Wanacu').  The  alkaline  earths 
occur  chiefly  in  the  plasma.  Manganese  has  also  been  found  in  the 
blood,  aa  well  as  traces  of  lithium,  copper,  lead,  and  silver.  The 
blood  as  a  whole  contains  in  ordinary  cases  770-820  p.  m.  water, 
with  180-230  p,  m.  solids;  of  these  173-220  p.  m.  are  organic  and 
6-10  p.  m,  inorganic.  The  organic  consist,  deducting  6-13  p.  m. 
extractive  bodies,  of  proteids  and  haemoglobin.  The  amount  of 
this  last-mentioned  body  in  human  blood  is  about  130-150  p.  m. 
The  quantity  of  hamoglobiu  in  dog's  blood  is  about  the  same;  and 
BuNOE  found  114  p.  m.  hsemoglobin  in  pig-blood  and  89.4  p.  m.  in 
ox-blood. 

The  amount  of  sugar  in  the  blood  is  on  an  average  1-1.5  p.  m. 
The  quantity  of  urea,  which  varies  between  0.2  and  1.5  p.  m.,  is 
^itjjitur  lifter  partaking  of  food  than  during  fasting  (Grehant  and 
yi'iNQiTAUD,'  ScHtiNDORFp').  The  quantity  of  uric  acid  may  be 
O.I  p.  m.  in  bird's  blood  (v.  Scuuoeder*).  Lactic  acid  was  first 
found  in  human  blood  by  Salomon  and  then  by  Gaglio,  Bee- 
LiNERBLAU  and  Iripawa.'  The  quantity  of  lactic  acid  may  vary 
considerably.     Berlinerblau  found  0.71  p.  m.  as  maximam. 

'  I-.  c. 
*L.  c. 

'  Maly'B  Jahresber.,  Bd.  18,  S.  88. 

'  Journal  de  ranatomie  et  de  !a  physiol.,  Tome  30,  aod  Compt,   rend., 
Tome  98. 

'  PflQger'a  Arch.,  Bd.  M. 

*  Ludwig'sFeetschrift,  1887,  p.  89. 

*  Zeitscbr.  f.  pb;rBiol.  Chem.,  Bd.  17,  whicli  also  gives  the  older  lltentun. . 
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The  Compoiition  of  the  Blood  in  Different  Vascular  RegioDi  and 
under  Different  Physiological  Conditions. 

Arterial  and  Vfnous  Blood.  'Die  moat  striking  dilTerence 
between  theet^  two  kinds  of  blooO  is  the  vunntinn  in  color  cuneed  by 
their  containing  dilTi'rent  amounts  of  gfia  iiuil  ililTpreiit  fimounta  of 
oiyhtemoglobin  and  haimoglobin.  ']'lio  arieria]  blood  is  light  red; 
the  renoiis  blood  is  dark  red,  dirhmitic,  grfloniah  by  transmitted 
light  through  thin  hiynra.  't'lie  arterial  ooagiiliitas  more  (]iiii.'kly 
than  the  renoiif!  blood.  'I'iie  lattor,  on  :iccnniitof  the  trauAmlation 
which  take*  place  in  the  r^pillariea,  is  somewhat  poorer  in  water 
bnt  richer  in  blood -oorpnscles  and  liiemoglobiu  than  the  arterial 
blood,  hot  this  ia  denied  hy  moilern  invoaligatorB.  According  to 
KrOoer'  and  bia  pupils  the  qnantity  of  dry  reaidne  and  liaemo* 
globin  in  blootl  from  the  carotid  artery  and  from  tbo  jugular  vein 
(in  cats)  are  the  aame.  tlniiMAxx  nnd  MCuham  *  c^oiitd  not  detect 
any  difference  in  the  c^nantity  of  fat  In  arterial  and  Tcnoiio  blood. 

Blood  from  the  Portal  Vrin  and  the  f/epalic  Vein.  The  blood 
of  the  hepiitir  vein  is  poorer  in  ordinary  rod  blood -corpuscles  but 
richer  in  white  and  eo-called  yonng  red  blood-corpn^clee.  A  few 
inTestigalorg  have  concluded  from  this  that  a  formation  of  red 
blood -oorpusc lea  taken  place  iu  the  liver,  while  others  claim  that  a 
destruction  take*  ]»Irtce. 

Ill  conserinencti  of  the  email  qnaiititiefl  of  bile  and  lymph  found 
iwIatiTely  to  the  large  qnuiitity  of  blooil  circulating  through  the 
IJTer  in  a  given  lime,  we  «iii  hardly  expect  to  detect  a  positive 
difference  in  the  composition  hotwf^n  the  blood  of  the  porUU  and 
hepatic  veins  by  chemicial  aTialysia.  The  statomeiits  in  regard  to 
sncb  a  dilTereace  arc  in  fact  contradictory.  For  example,  Dkos- 
Dorf '  has  found  more  ba^moglobiu  in  the  hepatic  than  in  iho  portal 
vein,  white  Otto'  found  less.  KbCoeb  *  5nda  that  the  q^uantity  of 
bnimoglobtii,  as  well  aa  the  golids,  in  the  bloo<l  from  the  ve^sol^  pass- 
ing to  and  from  the  liver  ib  ditTerent,  but  a  constant  relatiouEhip 
cannot  be  determined.     The  disputed  question  as  to  the  varying 

>  Z«iuelir.  f.  B)olof[U>,  Bd.  30. 
■  Pflilger's  AreUiv,  Bd.  44. 
•Zdtkbr.  f.  phyjilDl   Clieiti..  Bd.  1. 

*  CliristianiA  Vldcnukabs.  Svlakftba  ForliaDdlmg«r,  1880,  No.  11.   See  Ualj'a 
Jtlir«>b«r.,  Bd.  17.  8.  lU, 

» Zvitwhr.  r.  Biolo^e.  Bd.  2«, 


170  THE  BLOOD. 

quantities  of  sogar  in  the  portal  and  hepatic  veins  will  be  discassed 
in  a  following  chapter  (see  Chapter  VIII,  on  the  formation  of  sagar 
in  the  liver).  After  a  meal  rich  in  carbohydrates  the  blood  of  the 
portal  rein  not  only  becomes  richer  in  dextrose,  but  may  contain 
also  dextrin  and  other  carbohydrates  (v.  Merino,'  Otto').  The 
iimouut  of  urea  in  the  blood  from  the  hepatic  vein  is  greater  than 
ill  other  blood  (Ghehant  and  Quinquaud'). 

Blood  of  the  Splenic  Vein  is  decidedly  richer  in  leucocytes  than 
tlie  blood  from  the  splenic  artery.  The  red  blood-corpuscles  of  the 
blood  from  the  splenic  vein  are  smaller  than  the  ordinary,  less  flat- 
tened,  and  show  a  greater  resistance  to  water.  The  blood  from  the 
splenic  vein  is  also  claimed  to  be  richer  in  water,  fibrin,  and 
albumin  than  the  ordinary  venous  blood  (Beclabd  ').  According 
to  V.  MiUDENDORFF,'  it  is  richer  in  hamoglobin  than  arterial  blood. 
KRiJGEit*  and  his  pupils  have  found  that  the  blood  from  the  veoa 
lienalis  is  generally  richer  in  hemoglobin  and  solids  than  arterial 
blood;  still  the  contrary  is  often  found.  The  blood  from  the 
splenic  vein  coagulates  slowly. 

Tfie  Blood  from  Uie  Veins  of  the  Glands.  The  blood  circalates 
with  greater  rapidity  through  a  gland  during  activity  (secretion) 
than  when  at  rest,  and  the  outflowing  venous  blood  has  therefore 
during  activity  a  lighter  red  color  and  a  greater  amount  of  oxygen. 
heciiHse  of  tlie  secretion  the  venous  blood  also  becomes  somewhat 
poorer  in  water  and  rictier  in  solids. 

The  blood  from  the  Muscular  Veins  shows  an  opposite  bebavior, 
for  during  activity  it  is  darker  and  more  venous  in  its  propertiee 
because  of  the  increased  absorption  of  oxygen  by  the  muscles  and 
still  greater  proJuction  of  carbon  dioxide  llian  when  at  rest. 

Menstrual  Blood  has,  according  to  an  old  statement,  not  the 
power  of  coagulating.  This  statement  is  nevertheless  false,  and  the 
apparent  uiicoaguhibility  depends  in  part  on  the  womb  and  the 
vagina  retaining  the  blood-clot,  so  that  only  fluid  cruor  is  at  times 
eliminated,  and  in  part  on  a  contamination  with  vaginal  macns 
which  disturbs  the  coagulation. 

'  Du  Bois-Reymonda  Arehiv,  1887,  S.  412  and  431. 

*  See  note  4,  page  169. 

*  Journal  d.  Tauatotuie  et  de  la  ph^siol.,  Tome  20,  and  Compt.  rend..  Tome 
98. 

*  Arch,  generate  de  ii:i6deciDe,  Tome  18. 

'  Cit.  from  Centralbl.  f.  PliyBiol..  Bd.  2,  S.  753. 

*  Zeitsclir.  t.  Biologie,  Bd.  26. 
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TTtt  BfoQii  of  the  7^  Sfxes.  Woman *b  blood  ooitgalutes  sodiq- 
wb»t  more  ijuicklv,  lias  a  lower  specific  gravity,  a  greater  anjoimt 
of  water,  anil  a  smaller  (juuntity  of  ooliUs  tliuu  the  blood  of  man. 
The  amimnt  of  blood-corjmsclea  und  ha-moglobiii  is  Bomewhat 
smtillor  iu  woman's  blood.     The  amount,  of  Ijit'moglobiii  is,  ucconl- 

Ling  to  Otto,  146  p.  m.  for  man's  blood  and  13.'J  p.  m.  for  vomau's. 
l>uriDg  pregnancy  Xas^e  '  lias  obtierved  u  decr&UM  in  the 
specific  gravity,  with  au  inureufii!  in  tlic  amonnt  of  water  tmtil  the 
end  of  the  eighth  uioutb.  From  then  the  i>]i[>'citiu  gravity  luureases, 
and  ut  delivery  it  is  normal  again.  The  amonnt  of  fibrin  is  eome- 
■hat  iocreafied  (lit^cqUKitKL  and  Koc>[E»,*  Nasse).  The  uumber 
of  blotprl-corpHDcles  eeenu  bo  d«cn.>aso.  Iu  rc>;ard  to  the  amount  of 
hipmoplobrii  the  ittatementa  are  sninewhat  cnniradinmry.  (*ailK- 
STKiK*  fontiU  the  number  of  red  uorpuscleadiuiihiiihod  iu  tho  blood 

I  of  jiregTiaiit  sheop  as  compared  to  uou-pn>gnnnt,  but  the  reil  oor- 
puRcles  were  larger,  luid  the  quantity  of  hwmoglobiti  in  the  blood 
waH  greatfr  in  the  llrMt  cose. 
The  filooti  at  Differeni  Periodn  of  Life.  Fu?tal  blood  U  strik- 
ingly tM>orer  iu  blood- corpuscloe  and  haemoglobin  than  the  blood  of 
the  adult.  Tbo  fmial  blood  at  the  moment  of  birth  htut,  according 
to  ScnRFiRRNZiRS,'   ft   lowor  specitic   gravity,  ti   murk«4lly  lower 

bunonntof  hffmoglobin,  and  a  little  leristlbrin,  bnt  a gntater  amount 
of  mineral  IxKliee,  especially  proportionally  more  godium  (hut  Ioka 
potaanifim)  than  the  binod  nf  adults.  A  few  hours  after  liirtb  the 
blood  of  the  child  baa  the  emie  or  greater  qnantity  of  biimingtohin 
■  Uian  lIw  blood  of  the  mother  ((^IUN^*TIll^•,  Zl'ntz,'  Otto').  The 
^  quantity  of  liienioglobin  anil  blood -oorpaBolea  qaickly  incroascB  after 
birth ;  still  thoy  do  not  both  incroa^  at  the  same  rate,  as  the 
amount  of  liflDmoglobio  incrwiees  mncli  fiwter.  Two  or  three  dayt 
oft^r  birth  the  liipmoglobin  reaobea  a  maximum  (30-2l;<},  which  is 
greater  than  at  any  other  period  of  life.  This  la  the  cnnso  of  the 
gTMat  ahUTidance  of  solids  in  the  hlood  of  riew-horn  infanta  is 
ohaerved  by  Bcveral  invcBtigiitors.  Tlic  qnimtity  of  hif  moglobin  and 
blcMMl -corpuscles  Kinkd  grailiialty  from    tliis   Orst   muximam  to  a 


•  Male's  JkhrMtMrr.,  lid.  1,  F.  129. 

•  Trniie  de  olilii.iu  paLbul.      lUrU,  ISM. 

•  PtlQgrr'B  .\rcliiv,  Hd  34.  3.  833. 
<Maly'eJKUm)l>er.,  B<L  18. 

•  PflQiTL-r'n  Arcli  .  IW.  31.  S.  178. 

•  Hair's  JiUmtwr..  Btld.  IS  und  17. 
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minimam  of  about  \\%  haemoglobin,  which  miniinam  appears  in 
bumar  beings  between  the  fonrth  and  eighth  years.  The  quantity 
of  hemoglobin  then  increases  again  nntil  aboat  the  twentieth  year, 
when  a  second  maximum  of  13.7-15^  is  reached.  The  hemoglobin 
remains  at  this  point  only  towards  the  forty-fifth  year,  and  then 
gradually  and  slowly  decreases  (Leichtenstekn,'  Otto  ').  Accord- 
ing to  older  statements,  the  blood  at  old  age  ia  poorer  in  blood- 
corpuscles  and  albuminous  bodies  but  richer  in  water  and  salts. 

Tlie  Influence  of  Food  on  the  Blood.  In  complete  starvation  no 
decrease  in  the  amount  of  solid  blood  constituents  is  found  to  take 
place  (Panum  '  and  others).  The  amount  of  hsemoglobin  is  a  little 
increased  (Subuotin,'  Otto),  and  also  the  number  of  red  blood- 
corpuscles  increases  (Worm  Muller,'  Buntzen*),  which  probably 
depends  on  the  fact  that  the  blood-corpuscles  are  not  so  qnickly 
transformed  as  the  serum.  Aa  after-effect  the  inanition  canses  an 
aniemic  condition. 

After  a  rich  meal  the  relative  number  of  blood-corpuscles, 
especially  after  secretion  of  digestive  juices  or  absorption  of  nutri- 
tive liquids,  may  be  increased  or  diminished  (Buntzen,  Leiciiten- 
stekn).  The  number  of  colorless  blood -corpuscles  may  be  increased 
to  such  an  extent,  after  a  diet  rich  in  proteids,  that  a  true  digestion 
leucocytosis  appears  (IIoi^meister  and  Pohl').  After  a  diet  rich 
in  fat  the  plasma  becomes,  even  after  a  short  time,  more  or  less 
milky-white,  like  an  emulsion.  The  constitution  of  the  food  acts 
essentially  on  the  amount  of  hEemoglobin  in  the  blood.  The  blood 
of  herbivora  is  generally  poorer  in  haemoglobin  than  that  from 
carnivora,  and  Suiibotik  has  observed  in  dogs  after  a  partial  feed- 
ing with  food  rich  in  carbohydrates  that  the  amount  of  haemoglobin 
sank  from  the  physiological  average  of  137.5  p.  m.  to  103.2—93.7 
p.  m.  According  to  Leichtenstebn  a  gradual  increase  in  the 
amount  of  hemoglobin  is  fonnd  to  take  place  in  the  blood  of  human 
beings  on  enriching  the  food,  and  according  to  the  same  investigator 

'  nnteranch.  tkber  den  H&moglobiiigehalt  des  Blutes  im  geso&dea  nnd 
kraokPD  Zustaode.     Leipzig,  1878. 

*  Male's  JaLresber. ,  Bd,  17. 
'Vircliow's  ArcL.,  Bd.  29. 

*  Zeitsclir.  t.  Biologie,  Bd.  7. 

'  TranafusioD  und  Plethora.     Cliristiuiia,  1875. 

*  Om  Enueriagens  og  Blodtabets  Indfljdelse  p&  Blodet.     KjObenliavn,  1879. 
8oe  also  Malj's  Jahresber.,  Bd.  9. 

*  Azoli.  L  «xp.  PaUi.  ond  Pharm.,  Bd.  26. 
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tli9  blood  of  lean  persons  is  gcnerallv  someirhat  riolier  in  licemo- 
globiii  than  binod  from  ^t  ones  of  the  same  age.  The  addition  of 
iron  salts  to  the  food  grefttly  inflnenccs  the  nnmbet*  of  btoud* 
oorpiucl«8  and  specially  the  amonnt  of  haemoglobin  they  contain. 
The  action  of  the  iron  salt*  is  olwciire.  Acconliiig  to  Bi'SOe' 
they  probably  combine  with  the  aulphiuetted  hydi-ogen  of  the 
int««tinal  canal  and  thereby  prevent  the  iron,  a8»ociat»d  in  the 
Jm4,M  protein  combination,  from  being  eliminated  as  iron  sul- 


The  Composition  of  the  Blood  under  Abnormal  Conditions  may 
be  changed  either  by  tlie  appearance  of  a  foreigu  substance  or  by 
the  qnantitics  of  any  one  or  more  of  the  blood  confttitnent«  being 
abnormally  increased  or  dtmiuished.  Clianges  of  this  last  kind 
occur  frequently. 

An  imrtaxe  in  the  number  of  red  corpusctes^  a  true  "  plkthoba 
VOLTCTm^suirA,'"  takes  place  after  transfuxiou  of  blooct  vt  tbe 
same  species  of  animal.  According  to  the  obsuirvations  of  I'axI'M* 
and  Worm  MCi.i.er,'  the  blood-liquid  is  quickly  eliminal«d  and 
transformed  in  tbis  awe, — the  water  being  eliminated  priiicipnlly 
by  the  kidneys,  aud  the  albumin  burned  into  urea,  etc., — whilo  the 
blood  -  corpQBcles  are  preserved  lougur  and  cauw  u  "■  I'OLV- 
cmL*MiA."  A  relative  iiicroase  iu  the  number  of  red  corpuscles 
is  f<juud  after  abundant  traUKiuIatioiis  from  the  blood,  as  iii  cholera 
and  bear L- failure,  with  considerable  accumulation. 

A  decrease  in  the  nnmbw  of  red  corpuscle)  occurs  in  aniemia 
from  difTurent  causes.  Very  cxcL-aoive  heuiorriia^'e  cuuiseti  uii  acute 
antemia  or  more  correctly  oligiemia.  Kvou  during  the  iiomorrlutyo 
the  remaining  blood  beoomes  richer  iu  water  by  diminislied  secretion 
and  eicretton.  as  also  by  an  abundant  abfiorption  or  parunchymons 
Dull!  Mtmcwliat  poorer  in  protiuilti  and  strikingly  [Mturer  in  retl 
blood-corpneclea.  The  olign>niia  piu^e'^  soon  iuto  a  liydnemia. 
The  amount  of  prot-eid  tlien  [^n-ndnaily  increases  again;  but  the 
re-fonnation  of  the  rod  blood-ctirpnscleH  h  slower,  and  after  the 
hydra;mia  follovs  also  an  oHgocytha-mia.  After  a  littlo  time  tlie 
Dumber  of  blood-corpuftcles  risoK  to  normal;  but  the  m-fonnation  of 
hffjnoglobin  does  not  keop  pane  witli  tbe  re-formation  of  tlie  cor- 
poaclee,  aud  a  chlorotic  condition  may  appear.     A  considerable 


'  Koitselir.  f.  Plivtlol.  Ctiem..  Bd.  9. 

*  Vfrehow'g  Arcli..  Bd.  28. 

■  Transfusioa  ockL  Pleihora.    Cbrleiiania,  I87S. 
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decrease  in  the  number  of  red  corpnBcles  occurs  also  in  chronic 
auiietnia.  and  chlorosie;  still  in  snch  cases  an  essential  decrease  in  the 
amount  of  haemoglobin  occnrs  without  an  essential  decrease  in  the 
number  of  blocd-corpueclcB.  The  decrease  in  the  amount  of 
Iia^moglobin  is  more  characteristic  of  chlorosis  than  a  decrease  in  the 
number  of  red  corpuscles. 

A  very  considerable  decrease  in  the  number  of  red  corpuscles 
(:[00,000-400,000  in  1  c.mm.)  and  diminution  in  the  amount 
of  ha-moglobin  {i-^i,)  occnrs  in  pernicious  anaemia  (IIatem, 
JjAACiik').  On  the  contrary,  the  individual  red  corpuscles  are 
larger  and  richer  in  haemoglobin  than  they  ordinarily  are,  and  the 
number  stands  in  an  inverse  relationship  to  the  amonnt  of  hemo- 
globin (Hayem).  Besides  this  the  red  corpuscles  often,  but  not 
always,  show  in  pernicious  anajmia  remarkable  and  extraordinary 
irregularities  of  form  and  size,  which  Quincke  '  has  termed  poiki- 
hcijtosis. 

The  Composition  of  the  Bed  Corpuscles.  IrrespectiTe  of  the 
changes  in  the  amount  of  lisemoglobin,  as  just  mentioned,  the  com- 
position of  the  blood-corpuscles  may  be  changed  in  other  ways.  By 
abundant  transudations,  as  in  cholera,  the  blood-corpuscles  may  give 
up  water,  potassium,  and  phosphoric  acid  to  the  concentrated 
plasma  and  become  correspondingly  richer  in  organic  substances 
(C.  Schmidt').  By  a  few  other  transudation  processes,  as  in 
dysentery  and  dropsy  with  albuminuria,  a  considerable  amount  of 
proteid  passes  from  the  blood ;  the  plasma  becomes  richer  in  water, 
and  the  blood-corpuscles  take  up  water  and  so  become  poorer  in 
organic  substance  (C.  Schmidt). 

The  nujiiber  of  Ieiieocyfe.s  may,  as  above  mentioned,  increase 
considerably  under  physiological  conditions,  sncli  as  after  a  meal 
rich  in  proteids  (physiological  leucocytosis).  Under  pathological 
conditions  a  hyperleucocytosis  may  occur,  and  according  to  ViR- 
oiiow  '  tliis  occurs  in  all  pathological  processes  in  which  the  lym- 
phatic glands  take  part.  Leucocytosis  occurs  prominently  in 
leucaemia,  which  is  characterized  by  the  very  great  abundance  of 
leucocytes  in  the  blood.  The  number  of  leucocytes  is  not  only 
absolutely  increased  in  this  disease,  but  also  in  proportion  to  the 

>  Die  AQkemie.     Chriati&nia.  1883. 

*  Deatach.  Arch.  f.  klin.  Med.,  Bdd.  SO  and  25. 

■  Cit.  fn»n  Hoppe-Seyler'a  Phjreiol.  Cliem.,  1877-1881. 

*  iniflhow'a  QeMmnwlte  AbLandl.  zar  wjssenscb..  Med. ,  Bd.  8. 
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number  of  red  blood-corptiscleH,  which  in  coiittiilerubty  diminieliud 
iu  leuoaimiA,  The  blood  from  u  luuaemio  jKtlieiit  lias  u  lower 
fljiecifie  gravity  than  tht  orliuary  (1.035-1.040)  and  u  ligliter  color. 
tail  it  were  uiiaed  with  |iU8.  The  reuctiou  is  utkalJrte,  but  after 
deulb  ia  ofteo  ucid,  pmbtibiy  due  to  a  decotni>o6ition  or  the  cou- 
fiidenihly  iiicrua&ed  lecithiu.  Iu  leucivmic  bhtod,  volutile  fatty 
acids,  lactic  acid,  glycero-phosphoric  acid,  large  amounta  of  jcantiua 
bodies  {Salomon, '  Kossel'),  aad  the  lio-caUed  Cuarcot's  cryatals 
{eee  Chapter  Xlll)  have  beeu  found. 

The  quantity  of  water  in  the  blood  is  increased  in  general 
dropsy,  with  or  wtttiout  kidoeT  disease,  iu  <tifl'ereut  fornis  of 
auasmio,  iii  scurvy,  aud  in  febrile  dieoatsoa.  TIil>  amount  of  water 
is  dimiuishod  iu  abuadant  tnuisudatious,  by  powerful  laxatives,  in 
diarrhasa,  and  cepeoiolly  in  cholem. 

Tbo  amount  of  proltids  in  the  blood  may  bo  relatively  iuereafiod 
^UTPEaALBL'xuruiiis)  iu  cfaolora  ikud  after  the  aotion  of  laxatives. 
A  decrease  in  the  nmount  of  pruteida  (hypauii-'MINukih)  oocara 
after  direct  loss  uf  proicids  from  tbe  blood,  ua  in  hemorrhago, 
albamioorta,  dysontery,  copious  formation  of  pus,  etc.,  etc.  The 
amouut  of  /i6ri';i  is  increosod  (uvi'eki.nusi^)  in  ioQanimiitory  die- 
oaaes,  pDciimorda,  ooote  muaculor  rhoiinmtiRni,  and  cryKi|)ebu,  in 
which  the  blood  jriolds  a"  crl'sta  i>iiui(u.stil'a  **  becaase  it  coagn- 
lataa  more  slowly.  The  stAtcinetitx  in  rogan]  to  the  occnrrencc  nf 
a  hyperiuoeis  in  scurvy  and  hydni-mia  seonia  to  rEM^uiro  fiiriber  con- 
flrmation.  A  decrease  in  tboamoant  of  iibrin  (HYPiNO»m)  has  not 
been  observe«l  with  certainty  in  iiiiy  disease. 

The  atiwunt  offal  in  ihebhiod  (iji'amia)  inoreHsoR,  irrespective 
of  the  iacreaae  after  a  diet  rich  in  fut,  in  drunkard^  In  corpulent 
iiulividualA,  after  fracture  of  the  bones,  utul  also  in  diabetes.  In 
the  but--nientiunmi  ease  the  iiu-reaee  in  fat  dejienile,  according  to 
UuPi'K'SETLEU,'  upon  defective  digestion.  An  increase  in  the 
amount  of  fat  iu  the  blooil  hiu  uIhu  been  ob^t-rved  in  diseH/scs  of 
the  liver,  Bright's  dii^eu^e,  tulwrculoHii),  nmlai-icL,  and  cholera. 
V,  jAKscn  '  has  obeervwl  volatile  faity  acids  in  the  blood  (lira- 
CID-kxia)  iu  fei>rile  diseases  and  30uiotiuit'.s  in  diabetes. 

The  aniottnt  of  saila  in  the  blood  is  incroafiud  in  drojisy,  dysen- 


)  Arch.  f.  A.DaU.  FbTxiot.  uud  wiMieiiacli.  Mwl.,  )6T6. 
■  ZeitMhr.  f.  pliysiil.  C'lifliD.,  IU.  7,  S,  ^ 
•niTstol.  Chaiu.,  I877-IS81.  S.  438. 
•  ZsitMdu.  t.  klbi.  Mod.,  Bd.  11. 
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terj,  and  in  cholera  imtrediately  after  the  first  violent  attack,  but 
diminishes  later  after  the  attack  in  cholera,  in  scnrvy,  and  in 
inflammatory  diseases.  The  decrease  of  alkali  salta,  especially 
common  salt,  is  only  trifling,  but  in  pneumonia  the  salt  disappears 
almost  entirely  from  the  nrine.  A  decrease  in  the  alkalinity  of  the 
blood  has  been  observed  in  many  cases,  as  in  fevers,  uraemia,  carbon- 
monoxide  poisonin;.',  diseases  of  the  liver,  leacsemia,  pernicious 
anaemia,  and  diabetes. 

The  qitaniiiy  of  glucose  is  increased  in  diabetes  {mellitaemia). 
IIoppe-Skylkk  '  found  in  one  case  9  p.  m.  glucose  in  the  blood. 
Aceonling  to  Clai'dk  Bernauu,'  when  the  quantity  of  glacose  in 
the  blood  amounts  to  :J  p.  m.  it  passes  into  the  urine.  The  quan- 
tity of  urea  is  augmented  in  fevers,  also  in  increased  metabolism  of 
proteida.  A  further  increase  in  the  amount  of  nrea  in  the  blood 
occurs  in  retarded  micturition,  as  in  cholera  as  well  as  in  cholera 
infantum  (K.  iloKXEit'),  and  in  affections  of  the  kidneys  and  the 
urinary  passages.  After  a  ligature  of  the  ureters  or  after  extirpation 
of  the  kidneys  of  animals  an  accumulation  of  urea  takes  place  in  the 
blood.  In  uremia,  ammonia  may  occur  in  the  blood,  which  origi- 
nates from  a  decomposition  of  the  urea.  Uric  add  is  foand 
increased  in  the  blood  in  gout  (Oariiod,*  Salomon  *);  oxalic  acid 
was  also  found  in  the  blood  in  the  same  disease  by  Garrod. 
According  to  v.  Jaksch  fevers  alone  do  not  lead  to  uricacidawiia. 
Uric  acid  occurs  in  relatively  large  quantities,  up  to  0.08  p.  m.,  ia 
affections  of  the  kidneys,  aniemia,  and  especially  such  conditions 
which  lead  to  the  symptoms  of  dyspnoea.  Nnclein  bases  occnr 
sometimes  in  very  small  quantities  (v.  Jaksch). 

Among  the  foreit/n  bodies  which  are  found  in  the  blood  the 
following  must  be  mentioned  here:  kiliary  acids  and  biliaet 
PKiMEXTs  (which  latter  may  occur  under  physiological  conditions 
in  a  few  varieties  of  blood)  in  iceterna;  LKrcix  and  tyrosin  in 
acnte  atrophy  of  the  liver;  aceton'  specially  in  fevers  (v.  Jakscu  '). 
In  mehiniemia,  especially  after  coutinaous  malarial  fever,  black,  less 
often  light  brown  or  yellowish,  grains  of  pigment  occnr  in  the 
blood,  which,  according  to  the  generally  received  opinion,  come 

'  Plij-siol.  Cbem..  S.  4^0. 

'  Lepona  3ur  le  diabSte. 

»  See  .Maly'a  Jahresber.,  Bd.  17,  S.  453. 

*  Med.  Surg.  TranaactioiiH,  Vols.  81  and  87. 
•ZeitscUr.  f.  physlol.  Cbem.,  Bii.  'i. 

*  Ueber  Acetonnria  uod  Diaceturie.     BerOn,  1680. 
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Xrom  tlie  spleen.  After  poieoniDg  with  potassiom  chlomtc,  mothf»- 
moglobin  is  observod  in  hnman  and  iu  caoiue  blood  (MAnniAND' 
and  Cahn');  bnt,  on  tbo  contrary,  no  formation  of  metha»mo- 
globiu  takes  place  in  the  bloixl  of  rabbits  (Stoktis'  tind  KiM- 
MYSBR*).  A  fonnntion  of  methiDnioglobin  ma;  be  caused  at 
tbe  expense  of  the  IiiL-moglobin  by  the  inhalation  of  am;!  nitrite,  as 
tti«>  by  the  action  of  a  number  of  other  modiciual  bodieit  (Haveu/ 
DiTTRicu/  and  others). 

TUe  tfuiiniify  of  blooii'iB  indeed  Bomewhat  variable  in  different 

iefi  of  animals  and  in  dilTerent  conditions  of  the  body;  in 
l^iieral  we  consider  tbe  entire  quantity  of  blood  in  adults  as  about 
^--i^i  of  the  weight  of  the  bodr,  and  in  neir-borD  infants  abont  -^. 
Fut  indiviiloala  are  rolntively  poorer  in  bloud  than  lean  ones. 
Daring  inanition  the  quantity  of  blood  decrooBes  leas  qnioktj  than 
the  weight  of  the  body  (Panum'),  and  it  may  thereforo  be  alw  pro- 
portionallv  greater  in  starving  individnula  than  in  iroll-fcd  onea. 

By  careful  bleeding  the  quantity  of  bloo<l  may  be  considerably 
diminiebed  without  any  dangerous  ayinptomit.  The  loeg  of  blood 
to  ^  of  tiie  normal  quantity  hue  ari  sequence  tio  durable  sinking  of 
the  blood -pressure  in  tlie  arteries;  white  the  smaller  arteries  acoom> 
motlate  llicmMelres  to  the  small  qnantittea  of  blood  by  contracting 
(Worm  MtLLeu').  A  loss  of  hlood  u>  ^  of  the  quantity  redncea 
the  blood-preasure  considerably,  and  a  loss  of  ^  of  the  blood  m 
adalts  ia  dangerous  to  life.  The  foster  the  bleeding  the  more 
dangerooB  it  ia.  N'ew-hom  infants  are  very  sensitive  to  loss  of 
blood,  and  likewise  fat,  old,  and  weak  persons  cannot  stand  mnoh 
loss  of  bloo<l.     Women  can  stand  loss  of  blood  better  than  men. 

The  quantity  of  hlood  mtty  t>e  considerably  tncreaseii  l)y  the 
hi}Mtion  of  btoo<l  from  the  same  species  of  animal  (Pantu,* 
LAycois,"  Worm  MCu.EH,'   Po\kii:k").      According  to   Woum 

'  Vireliow'B  ArelilT.  Bd.  "J.  -nd  Arth.  (.  «p.  Palh.  u.  rb«riii..  IW.  2:;, 

■  Arch.  (.  vxy.  PmU.  u   rUnnti..  Bd.  34. 

*/U4..  Bd.  31. 

«  Mftly'A  Jnlimber..  Bd.  U.  8.  M3. 

*  Ctimp.  nnd..  Tome  103. 

*  Arab.  f.  es|i.  P»tb.  u.  PIikdel.,  Bd.  20. 
■"  Vireliow'a  Areli..  B.i.  99. 

*  Tnu'ifiuiioa  nnd  Pleltinrn.     CbriBtiHRin.  1873. 

*  Nonl.  mwL  Atk..  Bd.  7  ;  Vlrcliow's  Arcli..  Bd,  flS. 

'*  C'enualbl.  f.  d.  med.  WismDach..  1870.  and  I>1«  TtaoatusloB  dM  Blnto& 
Leipxitf.  1875. 

•>  Vlrcltow'i  Arcb.,  Bd.  BS. 
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^ICllkr  the  normal  quantity  of  blood  maj  Indeed  be  increased  to 
8:jji  without  producing  any  abnonnal  conditions  or  lasting  high 
blood-pressure.  An  increase  of  the  quantity  of  blood  to  150jt  miy 
be  directly  dangerous  to  life  (Worm  MCllkk).  If  the  quantity  of 
blood  of  an  animal  is  increased  by  transfusion  with  blood  of  the 
same  kind  of  animal,  an  abundant  formation  of  lymph  takes  place. 
The  water  in  excess  is  eliminated  by  the  urine;  and  as  the  proteid 
of  the  blood-serum  is  quickly  decomposed,  while  the  red  blood- 
corpuscles  are  destroyed  much  more  slowly  (Tschirjew,'  Forstee,* 
Paxi'm,"  Worm  Mlller'),  a poIycyth.Tmia  is  gradually  prodnced. 

If  blood  of  another  kind  is  transfused,  then  under  certain  con- 
ditions, iwcording  to  the  quantity  of  blood  introdnced,  more  or  lesB 
menacing  symptoms  appear.  These  appear,  for  instance,  when  the 
hlood-corpnscles  of  the  receiver  are  dissolved  easily  by  the  scmin  of 
the  introduced  blood,  as,  for  example,  the  blood-corpasoles  of 
rabbits  on  transfusion  with  a  diHerent  kind  of  blood,  or  the  reverse, 
when  the  blood-corpuscles  of  the  transfused  blood  are  dissolTed  by 
the  blood  of  tlie  receiver;  for  instance,  when  the  blood  of  a  dog  is 
transfused  with  rabbit's  or  lamb's  blood,  or  the  blood  of  a  man  with 
lamb's  blood  (Laxdois').  Before  dissolving,  the  blood-corpusclsB 
may  unite  in  tougli  agglomerated  heaps,  which  clog  np  the  smaller 
vessels  (Laxdois).  On  tlie  other  hand,  the  stromata  of  the  dis- 
eolved  blood-corpuscles  may  also  give  rise  to  an  extensive  i^tn- 
vascular  coagulation,  causing  death. 

The  transfusion  should  therefore  when  possible  be  made  with 
the  blood  of  the  same  kind  of  animal,  and  for  the  resnscitating 
action  of  the  blood  it  is  immaterial  whether  or  not  it  contains  the 
fibrin  or  the  mother-substance  of  the  same.  The  action  of  trans- 
fused blood  depends  on  its  blood-corpuscles,  and  therefore  defibri- 
nated  blood  acts  just  like  non-defibrinated  (Fanum,*  Lakdois*). 

The  property  of  blotxl-aerum  of  a.  certain  species  of  anitn&ls  of  AiaaaWmg  or 
deatroyinK  llie  blood-corpuscles  of  anotlier  has  been  called  the  gMmlieidal 
action  fit  the  serum.     According  to  Dabeubbrg,*  Buciiker,^  and  others,  this 

'  ArbeiteD  aus  der  physiol.  Anstalt  zu  Leipzig,  1B74,  S.  292. 

*  Zeitschr.  f.  Kiologie,  Bd.  11. 
■  Virchow'B  Archiv,  Bd.  29. 
<L.  c 

•L.C. 

*  Sem.  mfidic,  1891,  TSo.  SI.    at.  from  Haly's  Jahreeber.,  Bd.  23. 

1  Arch.  t.  HygioD*,  Bd.  10;  MUncheoer  med.  WochenscUr.,  1892,  No.  8. 
and  Berl.  kUo.  WocbcuBolu.,  1892,  No.  19. 
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Eraptrrljr  {ttand^  in  M*rlaln  reliiLtanMliip  to  U»  iMrtnrli^lilal  or  tio-tralled  mirro- 
'ciilal  netitt,  ^nd  tliene  Iwo  nrrtUmii,  utiloh  have  muoli  In  cnnimnn,  xnny  bs 
regarded  by  bMtintf  (be  LWxJ  i>»>rum  to  ft&-63*  C.  Tie  tnkrubici<l&l  nctuin 
ia  in  pftrt  oonaecti'-d  witb  tlic  [ir«rs«meo  of  certain  protein  botlies  acting  lika 
MUjroMS.  called  alenni.  and  in  itart  to  rvrtnin  mintnil  bodiws  Budi  mk  vadium 
chloride  kimI  alkali.     Soiiicivlial  Htinilur  coiidilion^i  txv  alw)  nucvsauir;  for  th« 

Slobalicidkl  wtioD.  Maraouano'  biw  Tound  llml  tin-  blnnrUscnim  iD  mattf 
bMMWi,  sucli  9*  [Hivutnunik,  rixIktw,  typhue.  Iviicidumb,  ruici^TxitiM  cacbsxis, 
eic,  tins  a  dMtractivu  ■ctiuii  un  tb«  ri-d  bioud-(^or|)ii!(<:lt:».  He  found  the 
qtuuttitv  of  Hodlnm  <!h)i>rii](?  dinilnlitht^d  in  hiicli  .ii-runi,  and  tlii;  ^lobnllddftl 
MCliuu  was  prcTented  by  Ibtt  uldiliuu  of  NsCl  uulficient  to  make  Ui«  wmnk 
tKmoal  in  sail. 

The  quautitj  of  blood  iu  the  dilTereut  organs  Jepeuds  esBeatially 
CD  the  activity  of  tho  eume.  Ihiriug  work  the  exctmuge  of  material 
in  an  organ  ia  uioie  active  thau  wheu  at  reat,  utiil  the  iucreaaed 
metaboliiim  is  coDucctcd  with  a  more  abundant  flow  of  blood. 
Although  the  total  quantity  of  blood  iu  the  body  remains  constant, 
tho  distribntion  of  the  blood  in  tlie  varioae  organs  may  be  diSorent 
at  different  times.  As  a  rulo,  the  quantity  of  blood  !□  an  organ 
can  be  an  approximate  measnro  of  tho  more  or  less  active  meta- 
bolism going  ou  in  the  same,  and  from  this  point  of  view  the  dis- 
tribution of  the  blood  in  the  different  organs  and  groups  of  oi^nna 
is  of  interest.  Accoitling  to  Uanki^,'  to  whom  we  are  especially 
indebted  for  our  knowledge  of  tho  relationship  of  tho  activity  of  the 
organs  to  the  quantity  of  blood  contained  tlierein,  of  tho  total 
qoontity  of  blood  (in  the  rabbit)  about  \  oomes  to  the  nmscles  ia 
rest,  i  to  the  heart  and  the  lai^e  blood-TesiielB,  |  to  the  Itver,  and 
i  to  the  other  organa. 


■  IWl.  kUn.  WoehAnaohr..  ISOa.  Na  SI. 

*  Di«  Bluivortbailaog  and  dor  TbItigkeitaw«ehaeL  dsr  OrgaD«. 
XOTl. 
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CHAPTER  VII. 
CHYLE,   LYMPH,   TRANSUDATIONS  AND  EXUDATIONS. 

I.  Cbyle  and  Lymph. 

The  lymph  is  the  mediator  in  the  exchange  of  constituents 
between  the  blood  and  tisanes.  The  bodies  necessary  for  the  natri- 
tion  of  the  tissue  pass  from  the  blood  into  the  lymph,  and  the 
tissaes  deliver  water,  salts,  and  products  of  metabolism  into  thft 
lymph.  The  lymph  therefore  originates  partly  from  the  blood  and 
partly  from  the  tissaes.  From  a  purely  theoretical  standpoint  we 
can,  according  to  Heidenhain,  differentiate  between  blood-lymph 
and  tissue-lymph  according  to  origin.  It  is  impossible  at  the 
present  time  to  completely  separate  what  one  or  the  other  soarce 
delivers;  but,  thanks  to  the  pioneering  investigations  of  Hbiden- 
HAiN",  we  have  means  of  exciting  a  copioas  flow  from  one  or  the 
other  Bonrces  of  lymph.  The  action  of  these  means,  Hbidenuain's 
lymphagogues,  will  be  closely  studied  later. 

According  to  older  views  the  lymph  was  only  considered  as  & 
filtrate  from  the  blood-flnid.  Since  the  investigations  of  Heidek- 
HAiN  '  and  llAMKUKtiEit'  this  view  cannot  be  maintained.  Accord- 
ing to  these  investigators  the  lymph  is  considered  under  physiological 
conditioua  in  part  as  a  product  of  the  active,  secretory  property  of 
the  cells  of  the  blood-capillaries. 

In  chemical  respect  the  Irmph  is  the  same  as  plasma  and  con- 
tains qualitatively  tlio  same  bmlies  as  this.  The  most  essential 
difference  is  of  a  quantitative  nature  and  consists  in  that  the  lymph 
is  poorer  in  proteids.  No  essential  chemical  difference  has  been 
found    between    the    lymph   and    the    chyle  of   starving    animals. 

'  PflUger's  Arch.,  Bd.  49. 

*  Zeitschr.  f.  Biolo^o,  Bd.  27,  S.  359,  uid  Bd.  30,  S.  148;  sea  Ziegler's  Beitr. 
t.  pathoL  ADKt.,  etc.,  Bd.  14,  8.  448. 
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After  the  aesimiiation  of  fatty  food  the  chjle  dlSiera  from  the 
lymph  Id  its  weultti  of  minutely  divided  fat-globtiles,  which  give  it 
a  milky  appearance;  hence  the  old  uauie  "  milk -j nice.*' 

Chyle  and  lymph,  like  the  plasma,  coutaiu  seralbumin,  serplo- 
bulin,  JtbrtHogen,  and  Jtbrin  ferment.  The  two  last-mentioned 
bodies  oocnr  only  in  very  umall  amounts;  therefore  the  chyle  and 
lymph  coagiilftte  slowly  (but  5iK>ntaneously)  aud  }'teld  btit  little 
fibrin.  Like  other  liquids  |wur  iu  tibriii- ferment,  chyle  and  lymph 
do  not  at  once  cot^^ulate  completely,  but  repeated  coaguIuti<>nfi  tuke 
place. 

The  extractJTe  bodieB  seem  to  be  the  same  as  in  plaania. 
Glucose  is  found  in  about  t-he  same  quantity  m  in  the  iilood-tienim, 
but  iu  larger  qnantiliee  tliaii  in  the  blood;  tliiB  depends  on  the 
fact  that  the  blood-curpuscloti  contain  tio  glacoee.  Ai'cording  to 
ROitMAKX  and  itiAi. '  lymph  cotituiiis  a  diastatie  enzyme  fiiinihir  to 
that  in  blood-plasma,  and  Lepike"  has  found  that  the  chyle  of  a 
digssting  dog  has  great  glycolytic  activity.  Dastrk'  has  Btiidied 
the  glycolytic  activity  of  horse's  and  cow's  lymph,  and  ho  flnds  that 
it  is  retarded  by  the  presence  of  2  p.  m.  potassium  oxalate.  Ke 
could  also  detect  glycogen  iu  the  cow-lymph  which  oxiatod  in  the 
plasma  but  not  in  th«  fonn-elemenr«.  The  amontit  of  urea  has 
been  determined  by  Wtbtz'  as  0.12-0.38  p.  m.  The  miwral 
hodiaa  appear  to  be  the  siuno  ae.  in  plasma. 

As  form-elemonta  hucoptftes  and  ri'd  biood-atrpnachH  are  common 
to  both  chyle  and  lymph.  When  it  has  not  loft  tho  villi  of  the 
iDtcstinc  chyle  containa  very  few  leacocytcs,  bnt  iu  thu  voaaels  on 
the  peritoneal  side  of  the  inteetinc  it  is  richer  in  lencocyten.  The 
l^rentest  quantity  of  leacoeytcd  is  fonnd  in  tho  chyle  between  the 
great  meaentoric  gland  and  tlio  cisterna  chyli.  Tho  chylR  \»  poorer 
in  leucocytes  in  the  thoracic  dnct,  probably  because  a  mtxttij^  takes 
placa  here  with  lymph  that  ia  poorer  in  form-constituents  frnm 
other  porta  of  the  body. 

Red  blood-corpuscloa  occur  in  the  chyle  and  lymph  in  very 
smjill  qaantities.  In  those  liquids,  which  seem  to  be  free  from 
oxygen,  the  blood -corpuscles  are  darker-colored,  and  only  after  they 
have  come  in  contaet  with  the  air  do  they  have  the  light-red  color 


'  P«n(iyi>  Arcliiv,  IWd.  53.  53.  aad  55. 

•  Compt  rend..  Toui©  UO. 

•  Arch.  J.  PIiy»i«l..  Stir.  5.  Tomfl  7. 
'CoiDpt.  road,.  Tome  4fli 
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of  oxyhiemoglobin  and  give  the  surface  of  the  fibrin-clot  a  beaatifal 
light-red  appearance.  It  has  been  suggested  that  this  red  color 
originates  from  the  transition  forms  between  red  and  white  blood- 
corpnscles,  in  which  blood-coloring  matters  are  first  formed  by  the 
action  of  the  oxygen. 

The  chyle  of  starving  animals  has  the  appearance  of  lymph. 
After  partaking  of  fat  or  food  rich  in  fat  it  is  milky,  and  this  is 
partly  due  to  the  presence  of  large  fat-globnles,  as  in  milk,  or 
partly,  and  indeed  chiefly,  the  finely  divided  fat.  The  nature  of 
the/a^s  occurring  in  the  chyle  depends  on  the  variety  of  fat  in  the 
food.  The  disproportionally  greater  part  consists  of  neutral  fats, 
and  even  after  feeding  with  abundant  amounts  of  free  fatty  acids 
MuxK '  found  in  the  chyle  chiefly  neutral  fats  with  a  small 
quantity  of  fatty  acids  or  soaps. 

The  gases  of  the  chyle  have  not  been  studied,  and  it  seems  that 
the  gases  of  an  entirely  normal  human  lymph  have  not  thus  far  beeu 
investigated.  TIio  gases  from  dog-ljmph  contain  only  traces  of 
oxygen  and  consist  of  37.4-53. 1;^  CO,  and  1.6^  N  (author'^  calcu- 
lated at  0°  C.  and  760  mm.  mercury.  The  chief  mass  of  the 
carbon  dioxide  of  the  lymph  aeeins  to  be  firmly  chemically  com- 
bined. Comparative  analyses  of  blood  and  lymph  have  shown  that 
the  lymph  contains  more  carbon  dioxide  than  arterial,  but  less  than 
venous,  blood.  The  tension  of  tlie  carbon  dioxide  of  lymph  is, 
according  to  Pfluger  and  Strasshuku,'  smaller  than  in  venous, 
but  greater  than  in  arterial,  blood. 

The  quantitative  coniposiiion  of  the  chyle  must  naturally  be  very 
variable.  Tiie  analyses  thus  far  made  refer  only  to  that  mixture  of 
chyle  and  lymph  whicli  is  obtained  from  the  thoracic  duct.  The 
specific  gravity  varies  between  1.007  and  1.043.  As  example  of 
the  composition  of  human  chyle  we  will  here  give  two  analyses. 
The  lirst  is  by  Owes-Rees,'  of  the  chyle  of  an  executed  person,  and 
tlie  second  by  Hoppe-Seyle]:,'  of  the  cliyle  in  a  case  of  rupture  of 
the  thoracic  dnct.  In  the  latter  case  the  fibrin  had  previously 
separated.     The  results  are  in  1000  parts. 

>  Virchow'8  Arch.,  Bdd.  80  and  138. 

*  Die  Oase  der  HandelTinphe.     Arbeit,  aus  d.  physiol.  Anatalt  za  Leipzig, 
1871. 

*  PaOger'B  Arcli.,  Bd.  6.  p.  85. 

«Cit.  from  Hoppe-Bejlw,  Ph;8iol.  Chem.,  B.  695. 
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The  r^aantitj  of  fat  U  rerj  variable  and  nuiy  ho  considemhlv 
increaded  by  partaking  food  rich  in  faU.  .T.  MrxK  and  A.  ItosHN- 
STBIN  '  ha^e  iiiTeatigutwl  tlie  Ivinph  or  (.'hTle  obtained  from  a  lyniph 
Cutaltt  at  the  end  of  the  upper  tiiird  oE  the  leg  of  n  girl  18  years  old 
aud  weighing  60  kg.,  and  the  highest  quantity  uf  fat  in  the  chyloa» 
lymph  was  47  p.  m.  after  pHrtnking  of  fat.  In  the  starratiou  lympb 
from  tlie  same  patient  they  found  only  0.6-2.0  p.  ni.  fal-  The 
quantitj  oC  soaps  was  always  «niidl,  and  on  partaking  of  41  gm.  fat 
the  ^oantitT  of  soape  was  only  abont  ^  of  the  neutral  fattt, 

A  great  many  aimlyaes  of  chyle  from  antniaU  have  been  made, 
and  they  chiefly  show  the  fact  t1iat  the  chyle  la  a  liquid  n-ith  a  very 
changeable  com[)08ition  which  Btirnds  cloiwly  related  to  bloud-pluiiinn, 
but  with  the  chief  diflereuce  tliat  it  contains  more  fat  and  less 
Holidfi.  The  reader  is  referred  to  B]>ecial  works  tor  these  aualysee. 
as,  for  example,  to  v.  Ookcp-Besaskk's  *'  Lehrbnoh  der  pbysiolo- 
gidchen  Chemle/'  4th  odiliau. 

Tlie  cOfHpositivn  o/ihe  lyinph  is  also  very  uhangeable,  and  its 
BpeciQc  gruTity  shows  about  the  ttume  variation  lui  the  chyle.  In  the 
following  analy8u6,  1  and  'i,  made  by  Ol'bLEit  and  QfUVEXVB,*  are 
the  resulta  obtained  from  lymj)ti  from  the  upper  part  of  the  thigh 
of  a  woman  aged  3!f ;  and  '.i.  miule  by  v.  Scitereh,'  ia  an  analyBis 
of  lymjdi  from  the  sac-like  dilated  lyniphatiu  vessels  of  the  sper- 
matic cord.  No.  1  was  made  by  C.  .Sckuidt,*  the  data  being 
obtained  from  lymph  from  the  neck  of  a  colt.  The  results  are  in 
ria  per  10<K>.' 

'  Vin:liow-HAreb..B<I.  123. 

*  c'lt.  from  Itoppe-Hojrier's  Physiol.  Chem.,  S.  691. 

■  Ibid,  a  091. 
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The  salts  fonsd  bj  C.  Schmidt  in  the  lymph  of  the  hone  has 

the  following  composition,  calcalated  in  parts  per  1000  parts  of  the 

lymph : 

Sodium  chloride  6.67 

Soda 1.27 

PotnsL 0.16 

Salpliuric  acid 0.09 

Phosplioric  acid  anitad  with  alkalies 0.03 

Eartliv  pltoephaUa 0.26 

In  the  cases  invoetigated  by  Munk  and  Rosenstein  '  the  qnan- 
tity  of  solids  in  the  fasting  condition  varied  between  35.7  and  57.3 
p.  m.  This  variation  was  ee^ntially  dependent  upon  the  extent  of 
secretion,  so  that  the  low  amonnt  coincides  with  a  more  active 
secretion,  and  the  reverse  in  the  other  case.  The  chief  portion  of 
the  solids  consisted  of  proteids,  and  the  relationship  between 
globulin  and  albamin  was  as  1  :  3.4  to  4.  The  miner^  bodies  in 
1000  parts  lymph  (chylous)  was:  NaCl  5.83;  Na,CO.  2.17; 
K.HPO,  0.38;  Ca,(POJ,  0.28;  Mg.(POJ,  0.09;  and  Fe(POJ, 
O.025. 

Under  special  conditions  the  lymph  may  be  so  rich  in  finely 
divided  fat  that  it  appears  like  chyle.  Such  lymph  h^  been  inves- 
tigated by  Hbnsex  '  in  a  case  of  lymph  fistula  in  a  ten-year-old 
boy,  and  by  Lang  '  in  a  case  of  lymph  fistula  in  the  left  upper  part 
of  the  thigh  of  a  girl  of  seventeen.  The  lymph  investigated  by 
Hensen  varied  in  the  quantity  of  fat,  as  an  average  of  nineteen 
analyses,  between  2.8  and  3C.9  p.  m.,  while  that  investigated  by 
La.no  contained  24.8  p.  m.  of  fat. 

The  quantity  of  lymph  secreted  must  naturally  change  consider- 
ably, and  we  have  no  means  of  measnring  it.  The  greatness  of  the 
flow  of  lymph  is,  as  Heidenhain  *  suggests,  no  mdtisnre  as  to  the 
abundance  of  supply  of  nutritive  material  to  the  organs,  and  the 
lymph-tubes  act  according  to  him  as  "  drain-tubes,"  removing  the 

'L.  c. 

>  PflBg«r'B  Arch.,  Bd.  10. 

>  Nord.  Dud.  AxUv.,  Bd.  M.    See  Hal/s  Jahmber.,  Bd.  4,  p.  138. 
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4XMM  of  Huid  from  the  lymph  fis«tireit  ae.  soon  as  the  preRSiira  therein 
rises  to  a  certain  height.  Attempt*  have  heen  uia^le  to  determine 
the  (joantity  of  lympli  flowing  in  24  hoara  in  the  thoracic  dact  of 
anlDiaU.  According  to  IlKinsNirAix  the  (jnaiitity  areragen  640  cc. 
for  a  dog  weighing  lU  kilos. 

Deterniinatioiia  of  the  quantity  of  lymph  in  man  hare  aleo  been 
Mttempt«d.  Kobl-Paton  '  obtained  I  c.c.  lymph  per  minute  from 
the  thoracic  duct  of  a  patient  -ureighing  fKi  kiloH.  The  ^jnantitj  in 
the  24  houra  cannot  be  calcniated  from  thia  umonnt.  In  the  chac 
of  MrvK  and  RosE?fsTEis,  n34-i;i7a  gm.  chyle  woa  collected  irk 
1*2-13  hoarii  after  partaking  of  food.  In  the  fasting  condition  or 
ftfter  starring  for  IS  honn  they  found  dU  to  TO  gm.  per  hour,  some- 
limm  130  gm.  and  above,  especially  in  the  first  few  hours  after 
poverftil  muscular  exercise. 

Several  circumstances  hare  a  marked  inilaence  oji  the  extent  of 
lymph  eecretiou.  I>uring  8tar%-aUou  less  lymph  in  secreted  tiiaii 
after  partaking  of  food.  Na8SE*  ha^s  observed  in  dogs  that  tlie 
formation  of  lymph  is  increased  30<(  mora  after  feeding  with  meat 
than  after  feeding  with  potatoeo,  and  about  5^^  more  than  after 
24  hours'  de])riTatioii  of  food. 

An  inoretise  in  the  total  blood-pressure,  as  by  transfnsion  of 
Uood,  also  etipecially  on  preventing  the  don  of  blood  by  means  of 
ligatnree,  cuuKes  un  increase  in  the  quantity  of  lymph.  According 
to  Hki  UKNii.il  N,'  on  tlie  contrary,  a  very  considerable  change  in  the 
preesare  in  the  aorta  causes  only  a  little  change  iU  the  abundance 
of  the  lympb-llow.  The  (luautlty  of  lymph  may  bu  raised  by 
powerful  active  and  {)ussivE<  movements  of  the  limbs  (LEctSKU*). 
Voder  the  action  of  cunir^  an  increase  of  the  lyiuph-8ei.-retion  is 
observed  (Pascbutin.'  Lesser),  and  the  quantity  of  solids  in  the 
lymph  is  aUo  incrvosod. 

The  moans  of  inciting  the  lymph-flow  are  of  speciiU  interiist. 
Tlioy  ore  called  Itftnjjkuyognef,  and  aci'ording  to  Hkiukniiain  they 
are  of  two  kinds.  The  lymphagoguce  of  the  first  series  are  stilt 
ouknown  bodies  which  may  be  extracted  by  water  from  the  muricles 
of  the  crab,  the  head  and  body  of  the  blood-  and  borse-leoch,  the 


Jonmal  of  PhrrioL,  \o\.  It. 

*  CiL.  rrotn  lloppe.Sejrler'9  PlirsJol.  Clitm.,  A.  593. 
<L.c 

*  ArtwiUn  bba  d«r  pliTtiol.  Anstalt  bq  Leipxi(|;,  Jabrg.  6^  S.  94. 
WJW.  Jalirg.  7.  S.  ai«. 
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body  of  nnodons,  the  intestio^  nod  liver  of  dogs.  PeptODQ 
(IIkidenuain,  STAKlJN(i')  and  sometimes  egg-nlbuniiu  may  act 
as.  u  lympbagogue  of  this  series.  Tbeee  bodies  when  injected  into 
the  blood  iti  watery  solution  o»ui!e  an  increase  lu  the  secrotion  of 
lymph,  and  the  quantity  of  orgunic  subatancoB  tii  tho  lymph  is 
jiicreH^od  at  the  same  time,  while  the  nmoiint  of  salts  romains 
unchanged.  The  blood  Iwcomes  more  concentrated,  due  to  cxtrav- 
iisatioii  of  plasma,  the  remaining  plasma  tees  coiiceutmtcd,  that  i^ 
poorer  in  proteids.  These  lyuiphagogaeH  produce  chiefly  blood- 
lymph,  and  tb«ir  ucttou  is  not  iuUuciicud  by  any  change  in  the  blood* 
pressure.  As  further  the  compoiiition  of  the  lymph  and  blood- 
plasma  may  be  chanj;ed  by  membrane  filtration  under  an  increased 
presBUfu,  in  wliii'h  the  lymph  becomes  richer  and  tho  blood -plasma 
poorer  iu  proteids,  still  the  irL0n3:isc  in  the  lymph  formation  cimnot 
be  exjilainud,  aei^ording  to  Hf.idbxhajn,  by  the  mechnnical  filtn- 
tion  pruooKS.  According  to  biiii  the  capillary  cells  must  take  an 
active  secretffry  part  in  thi^  Keoretioii. 

The  lynij)bagc>gn««  of  tho  wi^ronil  uerieis  are  iirystalline  substaneeB, 
auch  as  sugar^  urtia,  smlitiin  chloridcf,  and  other  salts.  Thew  bodies 
when  injected  into  tho  blond  caiif^e  ii  very  copious  secretion  of 
lymph,  bnt  thereby  the  blood  as  well  n.s  the  lymph  beoomea  richer  in 
water  and  poorer  In  swlids.  This  intreane  in  qnnntity  of  water  in 
the  lymph  iind  blorjd,  which  causai  an  abundant  excretion  of  nrine, 
can  only  be  utiribnted  to  ii  more  copious  anpplj  of  water  of  the 
tlssoe-olonieiiitt,  Hiid  the  lymph  secreted  under  these  circumstances 
is  not  blood-lymph  but  tOiiefly  tissne-lymph.  Those  bodies  inciting 
the  lymph-(low  puss  from  the  blond  into  the  lymph-spiioes  hy 
dilTusion  ntid  hIh'i  in  part  (itL  Irust  in  the  cane  of  sugar)  by  the 
secretory  activity  of  the  ciipilhiry  wftllw,  and  have  an  attraction  for 
the  tissne-water  of  the  cellH,  fibres),  etc.  ,  This  water  pa<«e8  in  part 
by  diffusion  into  the  hhtod  and  then  into  the  urine,  and  another  part 
ftowR  into  the  lymph-canals. 

MeiiiES'iiAiN'  has  observod  that  if  the  arterial  blood  •pressure  is 
Twlnced  to  zero  or  near  thereto,  the  lymph-cnrrent  may  nevertheless 
continne  for  one  or  two  honrs,  and  he  also  found  that  a  change  in 
the  aorta- prefumre  of  between  lO-SO  mm.  on  one  aide  and  ]SO-'JO0 
mm.  on  the  nther  had  only  little  inllneneo  on  tho  extent  of  lymph- 
flow.     These  facts,  as  also  the  action  of  the  bodies  exciting  the 

'Uc. 

•  JcramiJ  of  Phyilol.,  Vol.  Ii. 
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lymph'dov,  do  not,  accordiug  to  HEiDENitAiN,  agree  with  the 
ordinary  view  that  the  lymph  is  only  a  liUrate  or  diftiisatv  of  the 
blood.  According  to  tliit*  »utlior,  we  iiuut  also  consider  that  the 
cells  of  the  capillary  walls  are  directly  foucemed  iu  a  secretory  way 
is  the  lyotpb-Fornmtiou. 

ILiMUUKiiEK '  hus  arrived  at  a  Biinilar  Tteir,  mdepenileDtlj  of 
U£1DENUAIX,  as  to  the  importance  of  the  capillary  endothelium  in 
the  lymph- formation. 

St.vklinu'  liiui  lately  BUggeeted  a  series  of  experiments  in  oppo- 
sition to  IlEiDB!niAiK's  riew,  iu  vhich  ho  come!S  Lo  tlie  couclasiou 
that  the  lymph- formation  is  dtijjeiideut  u\nm  two  facLurs,  namely. 
the  permeability  of  tlie  va^nular  wulli>  and  the  hlood-jiresaiire,  and 
he  explains  the  a<Hion  of  the  bodtea  exciting  a  lyuiph-flow  in  a 
diiferent  way  from  HEioEsnAiN.  The  recent  rerioarchas  of 
■SxAKLiSfi  and  Lkatiies,'  Okww,*  and  Coh.sstejs'  ou  the 
absorption  from  serous  cavities  and  ou  the  fonnation  of  transada- 
tions  strong'ly  emphafiiKe  the  importance  of  osinottit*  and  filtration 
for  absorption,  and  furmstiun  of  tniiu^udatione  or  tymjih. 

The  lymphagogues  of  the  tiret  series,  according  to  Staruno, 
caaBe  srieh  an  abundant  lyniph-llow  in  the  liver  ilint  ihe  entire 
tncreaae  in  the  lym])h -current  is,  in  tliia  cose,  due  to  the  formation 
of  liver-lymph.  This  lymph  is  very  ricli  in  solids,  and  the  ^i^eat 
concentration  of  the  lympli  disnliargod  under  these  condiiiOns  is 
due  to  this  fact.  Tht;  blood-pta^inia  lioconiea  poorer  in  solids,  partly 
dne  to  the  abnnrtant  formation  of  concentrated  liver-lymph  and 
piinly  by  ailmixturfl  with  lymph  from,  other  p;irtH  of  the  Jiody  wliioh 
is  poor  in  flolid*;.  The  variations  found  by  IIi:inj',snAiN  in  the 
roncentration  of  the  lymph  and  blood-plasma  ib,  according  to 
Sta  Ki.l  si*.  no  proof  aa  to  a  apecial  secretory  activity  of  the  I'-apiHary 
cndothelinm.  The  abundant  secretion  of  conocntratod  liver-lymph 
cannot  be  erplained  by  a  variation  in  the  blnod-preesnre,  and  accord- 
inj;  to  STAUi.rNT.  it  is  duo  esBontially  to  on  increased  permeability 
of  til©  liver-napiilarics.  The  aclion  of  these  lymphagogties  on  the 
cells  is  not,  according  to  him,  a  physiological  one,  exciting  secrc- 

■  S«#  Momhiir^T,  Z.'it>tdir.  f.  Biologic,  Bd.  37.  S-  2.'>D.  nnd  B<I.  80,  S.  148. 
Atf)  n«mb(ifj:er.  llydroiis  ron  mlkrobivllem  Ij'wprung,  ia  Bultt.  aur  puli. 
Asnt.  aoA  xor  »llg.  Puhul..  BJ.  U,  S.  443. 

*  Joiinial  of  Pbj-Hlol..  Vols.  16  and  17. 

■  J.mm.  of  PliyidoJ..  Vol.  18. 
'  I*Jl(lgTr*«  Arcb.,  BJ.  59. 

*  Vlrcltov's  Arcb..  Bd.  ISO,  maA  PQOiger'a  Atch.,  Bd.  S8l 
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tion,  bnt  a  puUiological  and  toxic  one  which  increases  the  perni»- 
abilit^'  of  the  capillary  wnlU. 

TIjo  lyuiphagogaed  of  the  second  series  act,  according  to  Stam- 
UNO,  drat  hj  osmosis,  caneing  an  abundant  flow  of  water  into  the 
blood  and  thereby  iucreasing  the  preseure  in  the  capillaries,  produo' 
iiig  a  stronger  filtration.  The  more  abnudaut  currcut  of  Irraph  in 
the  thoracic  duct  is  cuused  in  this  case  by  a  greater  preeaare  in  the 
abdominal  Ciipillaries. 

II.  TraiiKiidittiftiiH  iiud  KxiidiitionH. 


The  ecrons  membrnnea  ure  normally  kept  moistened  by  liquid* 
whose  quantity  i%  only  stitticiciit  in  a  few  instances,  as  iu  the 
pericai'dial  cavity  and  the  subarachnoidal  space,  for  a  complete 
chemical  analysis  to  he  made  of  them.  Under  diseased  conditions 
an  nbtindaut  transudation  may  take  place  from  the  blood  into  the 
serous  cavities,  into  the  subctitaneons  tissues,  or  under  the  epider- 
mis; and  in  tliis  way  puthologit'^l  tmnsudations  are  formed.  Such 
true  transadatiotis,  which  are  similar  to  lymph,  arc  frenerally  poor 
in  fonn-eIem<;nts  ami  lourocytos,  imd  yield  otily  very  little  or  almost 
no  fibrin,  while  the  intlummutory  trausudatioiis,  the  so-called 
eiudations,  are  generally  rich  in  leucocytes  and  yield  proportionally 
more  fibrin.  As  a  rule,  the  richer  a  transudation  is  in  leucccytel 
the  doner  it  stands  to  pus,  while  when  it  bas  a  diminished  quantity 
of  leucocytes  it  is  more  nearly  like  real  transudations  or  lympb. 

It  is  ordinarily  accepted  that  filtration  is  of  the  greatest  import- 
anoe  in  the  formation  of  transudations  and  cmdations.  The  fucU 
coincide  with  this  view,  namely,  that  all  these  l^uida  contain  the 
salts  and  extractive  bodies  occurring  in  tho  blood-plunma  in  about 
the  same  quantity  as  the  blood-plauma,  while  theamocint  of  proteida 
is  habitually  sniuUer.  While  the  diHerout  fluids  belonging  to  thia 
group  have  about  tlie  same  quantities  of  salts  and  extractive  bodi 
they  differ  from  each  other  chiefly  in  containing  differing  quantiti 
of  proteid  and  form-elemeuts,  as  well  as  varying  quantities  of  trans- 
formation and  decomposition  products  of  tbeee  latter— changed 
blood-corloriug  matters,  choleaterin,  etc,  etc. 

It  must  be  apparent  that  the  circttlation  and  pressure  conditions 

must  have  an  essential  influence  on  tho  quantity  and  composition 

of  the  transudations,  but  their  action  has  been  little  stndiod.     An 

increase  in  the  vein-prossuro  causes,  according  to  Senatuk,*  an 

'  Vircliow's  Arch.,  Bd.  111. 
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in  tbe  qaaDtit;  of  traasiidatioD  and  the  rjnantU}'  of  protoid 
coDtatned.  while  the  amouut  of  salts  doee  not  markedly  change. 
Nothing  positive  is  known  ia  regard  to  tbe  vaiiatioQE  in  tho 
qamntity  of  prototd  by  aimple  arterial  hjpervniia, 

Tbe  process,  as  suggested  by  Cohnmeih,'  of  tbo  cbnnged  perme- 
abilitj  of  tbe  capillary  walls  in  disease  is  a  second  itnportant  factor 
ID  tUe  fonnatiou  of  tnuieadatiouB.  The  circumstance  that  the 
greatest  quantity  of  proteid  ixxim  in  transodutiona  in  inHammatory 
proceasea,  to  which  is  also  du<j  the  abunduut  quantity  of  form- 
«lenieut«  in  such  Irausuda lions,  lias  been  explained  by  this  hypothe- 
sis. Th«  greater  quantity  of  proteid  iti  the  traunudittioua  iu 
formative  irritation  is  in  grtut  part  explained  by  the  brge  amount 
of  deetroyed  form-elements.  The  interesting  oheervation  made  by 
Paukulu,*  that  iu  sneb  cases  in  which  an  intlainrimtcn.-  irritation 
haa  taken  place  Ibo  fluid  contains  nucleoalbomiii  (or  riucieo- 
proteidaf),  while  these  substances  do  not  occor  in  transinlations  in 
tbe  absence  of  itiflamniatory  prooossoa,  can  bo  explained  by  the 
presence  of  form -elements. 

Aa  the  secretory  imjKirtanco  of  the  capillary  eudotholiuni  has 
b«ea  made  probable  by  tbo  invegtigations  of  1Uii>p..\uain  and 
Haxbcrqer,  it  is  a  priori  co  he  expected  thiit  an  iibiiurrttal  increaivd 
secretory  activity  of  the  ondotbelium  is  a  thint  cnni^D  of  transuda- 
tions. Certain  obaervatiouB  of  JI.VMHfUnKR  in  a  case  of  dropny,* 
in  which  the  transudation  wait  probiibly  produced  by  the  lyinpli- 
eicicing  action  of  a  meiabolic  prod  uct  formed  by  a  bacterium,  spi'uk 
for  the  oorroctnesfl  of  this  iisjiumpLion.  IlAM»rituKi{  tberofi-ro 
considers  the  irricatioo  of  tbo  eudotiielium  of  the  eupillario8  by 
means  of  a  speoial  aubstancd  exciting  lyinph-Bow  and  formed  in 
disesae  aa  a  third  cause  of  tlie  tmnsadationg.  The  question  whether 
this  Babstanco  acts  decretory  iu  Hbu>emi.mn's  scu^  or  increaaes 
tbe  permeability  in  Stahllno's  sense  must  be  proved. 

Thjkt  tbe  conditions  of  the  bloml 'capillaries  in  the  different 
Toscatar  regians  have  au  effect  on  tbe  quantity  of  proteid  has  been 
partly  explained  by  the  varying  Bccretoiy  activity  of  tbe  capillary 
endotholiinn  (C.  HcHiiiin'*).  For  example,  the  amount  of  proteid 
in  the  I'Ekicakdial,  pi,ErjiAL,  and   i-euituneai,  fLL'iUB  is  cou- 

>  Cohnbnim,  Vorl«kun^D  Ub«r  rJIr.  Patli..  2.  Aufl..  Part  1. 

•  rpMU  IJlk&refs.  FOrtuudl.,  BU.  27,  Kod  Mklj's  Jatir«s«twr.,  Bd.  83, 

*  B»e  Zivglrr'a  Bpltrfiftt.  Bd.  14. 
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aiderably  grentcr  than  in  tliose  llnids  vbich  are  (onnd  in  the  si'R- 
ARArnNOiHAL  spvrB,  in  the  srnrrTASEors  Tissresi,  or  in  the 
AQi'Eors  iifMOR,  which  are  poor  in  proteUI.  The  condition  of  the 
blood  altio  greatly  aSocte  Ui«  LrauattiUtioug,  for  iu  hydrafiuia  the 
amount  of  protuid  iu  the  tntusudatiou  Is  verjr  eriiuU.  With  the 
JDcitHue  of  the  iige  of  u  Lrauiiudation,  of  a  hydrocele  fluid  for 
iuatance,  the  qmiatity  of  proteid  is  iucreased.  probably  by  reeorp* 
tioii  of  water,  and  iudoed  exceptional  caeea  may  occur  in  which  the 
amount  of  proteid.  without  any  previoue  hemorrbage>  is  even 
greater  than  iu  the  blood-serum. 

The  pp'teids  of  trauaudntions  are  chiefly  wralbumiu,  eerglobulin, 
and  a  littb  librinogen.  Thu  iion-innammutory  truudndutioiis  do 
not  as  a  rule  coaguUte  epontaueoualy,  or  very  slowly.  On  the 
addition  of  blood  or  blood-sernm  they  coagulate.  Inflammatory 
exudatiouti  coagulate  spontiiiitiont^ly.  Pauki'll'  has  shovru  that 
these  often  oontaio  Duclcoalbnmin.  Mncoid  substanoee,  which 
were  first  obaorvtid  by  the  AUTllOK  '  iu  a  few  oases  of  ascitic  fluid, 
without  coniplicatiou  with  ovarlal  tumors,  seem,  itccordiog  to 
FAJJK.ULL,  to  be  regular  constitnenta  of  transudations.  The  rela- 
tionship betweeu  globulin  ami  seralbumin  varies  very  much  in 
difroreut  oaauti,  hut,  us  lIui^fUANN  *  and  l*liit>AL'i)'  liaveshowu,  the 
variation  is  in  eaoh  cose  the  same  oa  the  blood-serum  of  the  iudi- 
Tiduftl. 

The  spociGc  gnmty  rnna  rather  parallel  with  the  quantity  of 
proteid.  The  varying  spocifio  gravity  lta»  been  suggested  na  a 
means  of  dlRercntiHtion  betvi'een  trutuiudations  and  exudations  by 
Rechs,'  m  the  lirst  often  show  a  speuiftc  gravity  below  101.5-1010, 
while  the  others  have  a  specific  gravity  of  1018  or  above.  This  rale 
holds  good  in  many  hut  not  in  nil  cases. 

'V\\ogast.s  of  the  tnuisudiitions  consiet  of  carlran  dioxide  besides 
email  amoante  of  nitrogen  anil  traoea  of  oxygen.  The  tension  of 
the  carbon  dioxide  is  greater  in  the  trariHiidHtioiie  than  in  the  blood. 
On  miTcing  with  pus  tlie  amount  of  carbon  dioxide  is  decreased. 

The  extracHv€-g  are,  as  above  stated,  the  same  as  in  the  blood- 
plasma;  but  sometimes  extractive  bodies  occnr,  such  as  allautoio  in 


'L,c. 

*  Zeitselir.  f.  pliyslol.  chcin.,  Bd.  IS. 

■  ATvh.  r.  vi|i.  PiLtb.  n.  Pbirm.,  Bd.  18. 

*  800  Male's  Jaltrcshflr,  Hil.  16. 

*  Deat&cli.  Ar<;li.  t   kUn.  M&d..  Bd.  28. 
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dropmcol  floids  (Moscatblli  '),  vhicli  hare  not  becii  detected  in 
the  blood.  Vrea  8ecm»  to  occur  in  very  viinabte  amouDts.  Gl-acosf, 
or  at  least  a  fermentable  siibc^tantw  which  reduces  vopjier  oxide  iu 
alkalioe  Uqnida,  occars  in  triost  traTisudntions.  Surdnic  aeid  has 
bcea  found  in  n  few  cas^s  in  hydrocele  Quids,  white  in  other  cases 
it  is  entirely  ahisent.  Leuctn  and  tyronin  have  be«n  found  in  tranB* 
ndations  from  diseased  livers  and  in  jiiiti-like  tniDsndationB  which 
have  nmlerKonedecompoaition.  Amonp'  other  extractivea  fonnd  in 
tnmsudationB  we  nius^t  mention  urtc  nrirt,  aiianfoin,  zanthtti^ 
creating  inojtit,  hx\i\  ptjrocai^'hiii. 

As  above  stated,  irreiipeotive  of  the  varying  nimiber  of  form- 
elements  contained  in  the  different  tranflndationfl,  the  quantity  of 
proteid  IB  the  most  churaatoristic  chcniicul  diittinotion  in  the  com- 
pofiitioa  of  the  varioiiR  tmnHudutious;  therefore  a  qnantitatire 
anulytiis  tit  only  of  importan«i  in  so  far  as  it  considers  ttie  qnantity 
of  pmteid.  On  this  account  the  following  quikutitutivo  composition 
ia  referrcil  to  the  cliief  weight,  the  qnnntity  of  ju-otoid. 

Pericardial  Floid.  Tlic  quantity  of  this  fluid  \*  also,  under 
certain  phyajological  conditions,  bo  Urge  that  a  antHcipnt  quantity 
for  chemical  iuvesCigation  was  obtained  from  a  ]>crsou  who  liad  been 
executed.  This  fluid  is  lemon-yellow  in  color,  aomewhat  sticky, 
and  yield*  more  fibrtn  than  other  transadations.  The  amount  of 
•olidft,  according  to  the  analyses  performed  by  r.  OoRrp-BRSANEX,* 
WAi-HBHi'Tii,'  and  Hoi'1'eSevi,ek,'  ia  ;J7.5-44.i)  p.  m.,  and  the 
amount  of  proteid  is  2'4.8-*44.*  p.  m.  The  analysis  made  hy  the 
AfTHoa  of  a  freeh  pericardial  fluid  from  a  young  man  who  had  been 
executed  yielded  the  following  results,  calculated  in  1000  parte  by 
weight: 

Walnr. ...  .  960,86 

Solid* 80.1& 

(Fibrin O.Sl 

Prowids. 88.60-1  Globulin B.flS 

t  Albumin 22.34 

Solubl*  a«ii«. 8.«o|  N»Ol 7.38 

Insolublrt  oalU    O.IQ 

Extmotive  bodies 3.00 


'  ZvltKbr.  f.  phrsinl.  Cfamn,,  Bd.  I& 

■  T.  Ounp-Besauez.  Lelitbucb  d.  phjmiol,  Cheia.,  4.  Aufl.,  8.  401. 

"  TiKbowK  Arck,  Bd.  7. 

*  Pbjrslol.  Clivm..  B.  805. 
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Fkiend  '  has  found  nearly  the  same  composition  for  a  pericar- 
dial fluid  from  a  horse,  with  the  exception  that  thie  liquid  was 
relatively  richer  in  globulin.  The  ordinary  statement  that  pericar- 
dial fluids  are  richer  in  fibrinogen  than  other  transudations  is  hardly 
based  on  sufficient  proof.  In  a  case  of  chylopericardium,  which 
was  probably  due  to  the  rupture  of  a-cliylus  vessel  or  caused  by  a 
capillary  exudation  of  chyle  because  of  stoppage,  Hasebbobk* 
found  in  1000  parts  of  the  analyzed  fluid  103.61  parts  solids,  73.79 
albuminous  bodies,  10.77  fat,  3.34  cholesterin,  1.77  lecithin,  and 
9.34  salts. 

The  pleural  fluid  occurs  under  physiological  conditions  in  such 
small  quantities  tiiat  a  chemical  analysis  of  the  same  cannot  be 
made.  Under  pathological  conditions  this  fluid  may  show  very 
variable  properties.  In  a  few  cases  it  is  n«irly  serous,  in  others 
again  sero-fibrinous,  and  in  others  similar  to  pus.  There  is  a  corre- 
sponding variation  in  the  specific  gravity  and  the  properties  in 
general.  If  a  pus-like  exudation  is  kept  closed  for  a  long  time  in 
the  pleural  cavity,  a  more  or  less  complete  maceration  and  solntion 
of  the  puS'CorpnBcles  is  found  to  take  place.  The  ejected  yellowish- 
brown  or  greenish  fluid  may  then  be  as  rich  in  solids  as  the  blood- 
serum;  and  an  abundant  flocculent  precipitate  of  a  nucleoalbumin 
(the  pyin  of  early  writers)  may  be  obtained  on  the  addition  of 
acetic  acid.  This  precipitate  is  soluble  with  difiiculty  in  an  excess 
of  acetic  acid. 

Nnmerous  analyses,  by  many  investigators,'  of  the  quantitative 
composition  of  pleural  fluids  under  pathological  conditions  are  at 
hand.  From  these  analyses  we  learn  that  in  liydrothorax  the 
specific  gravity  is  lower  and  the  quantity  of  proteid  less  than  in 
plenritis.  In  the  first  case  the  specific  gravity  is  generally  leas  than 
1015,  and  the  quantity  of  proteid  10-30  p.  m.  In  acnte  plenritis 
the  specific  gravity  is  generally  higher  than  1030,  and  the  quantity 
of  proteid  30-<i5  p.  m.  The  quantity  of  fibrinogen,  which  in 
hytlrothorax  is  aliout  0.1  p.  ni.,  may  amount  to  more  than  1  p.  m. 
in  pleuritis.  In  pleurisy  with  an  abundant  gathering  of  pus  the 
8i>ecilic  gravity  may  rise  even  to  1030,  according  to  the  observations 

'  Halliburton  :   Text-hook  of  Cliem.  Physiol.,  etc.     London.  18V1.     P.  347. 

•  Zeitaclir.  f.  pbvaiol,  cbeiii.,  Bd.  13. 

'  See  the  works  of  .Muhu.  Kiiiie1it;rg,  V.  IIofTmitiin,  ReuBS,  Neneokirchen,  all 
of  wliich  arc  ritpd  in  Bernheim's  paper  in  Vircliow's  Arch.,  Bd,  181,  S,  374. 
See  also  Paijicull,  1.  c,  and  Halliburton's  Text-book,  p.  846. 
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of  the  ArtBOB.  The  quantity  ol  »li(l8  is  often  00-70  p.  m.,  and 
may  be  even  more  than  90-100  p.  m.  (aitiiok).  Mucoid  sob- 
stances  iiare  ol^o  been  detected  in  plenraL  IhudB  by  E'aijkitlu. 
Caeca  of  chvlous  [ilouriBy  are  utec  known;  in  snch  u  ouse  itEUL'  * 
found  17.93  p.  tn.  fat  and  cholostorin  in  the  iluid. 

The  quantity  of  peritoneal  fluid  \%  very  small  nnder  physiological 
conditiona.  Tlie  inronU^'utions  refer  only  to  the  Iluid  under 
dtaaued  conditions  {drapskai  ox  tueiUe  fiuid).  The  color,  truns- 
pftrency,  and  consistency  of  theso  may  vary  greatly. 

In  cachectic  conditions  or  a  bydnemic  condition  of  the  blood  the 
fluid  bita  little  color,  is  milky,  opalescent,  watery,  docs  not  congo- 
htte  spontunconsly,  has  a  very  lov  specifia  gninty,  1005-1010-1015, 
and  is  nearly  free  from  form-elements. 

The  ascitic  itaid  in  ]K)rt»l  etaguation,  or  generally  in  renous 
stagnation,  bos  a  lotr  spcciiic  gravity  and  ordinarily  lees  than  "i^' 
p.  m.  protoid,  alrhongh  in  certain  c-aaes  the  quantity  of  proteid  may 
rise  to  3fi  p.  m.  In  carcinoniatous  peritonitis  it  may  hiive  a  cloudy, 
dirty-gray  appearance,  due  to  \\a  richness  in  form-elenieuts  of 
various  kinds.  The  specific  gravity  is  tlmii  higher,  the  qimntity  of 
eolida  greater,  and  it  often  coagulates  spontaueously.  In  iulluinma- 
tory  processes  it  is  straw-  or  lemon-ycllovr  in  color,  somewhat  cloudy 
or  reddish,  due  to  leucocytes  and  red  blocxl-corpnscles,  and  from 
great  richneeB  in  leucocytes  it  may  appear  more  like  pns.  It 
coagulates  spontaneously,  and  maybe  relatively  richer  in  solids.  It 
contains  regnlarly  30  p.  m.  or  more  proteid  (although  exceptions 
iritb  I«»  proreid  occnr),  and  may  have  a  dpecilic  gravity  of  1.030 
or  above.  By  rupture  of  a  chylous  ve^el  the  dropsical  fluid  may 
be  ricb  in  very  Suely  emulsilied  fat  (cbiVLOi;^  A^riTBs).  In  sach 
cases  3.R(i-10.:$0  p.  m.  fat  has  been  found  in  the  dropsical  fluid 
(UrisocoET,'  Hay*),  or  even  17-43  p.  m.  fat  has  been  found  by 
MiN'KOft\4KY.  Uy  nilmisture  of  this  fluid  with  the  flnid  from  an 
ovarian  cyst  it  may  sometimes  contain  pseudomticin  (dec  Chapter 
.XIII).  Wo  aldo  have  cases  in  which  the  ascitical  flnid  contains 
mucoids  wliich  may  be  precipitated  by  alcohol  after  remoral  of  the 
proteids  by  coagulation  at  hoiling  temjicrnture.  Such  substances, 
which  yield  a  rodocibte  substance  on  boiling  with  acide,  have  been 

'  An-li   gtu).  d«inisl.    18S6.  Tome  S.     Cii  from  Malv'.-.  JivliTonlirr..  Ltd.  IQi 
*  Be«  Straus,    Arc)i.  <I>.>  plijraiol.   Tome   18.      Cit.    Crocu  Malf 'd  JuLiruiiUir., 
Bd.  n 

'  Sw  Malj't  JabrMlwr.,  Bd.  16,  S.  473, 
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found  by  the  author  m  tubercnlons  peritonitis  and  in  cirrhosis 
hcpatis  Byphilitica  in  mea.  According  to  the  inrestigatiom  of 
Paijkull'  these  substances  seem  to  occar  often  and  perhaps 
habitually  in  the  ascitic  fluids. 

As  the  quantity  of  proteid  in  ascitic  fluids  is  dependent  upon 
the  same  circumstances  as  in  other  transudations  and  exudations, 
it  is  sufficient  to  give  the  following  example  of  the  composition, 
taken  from  Uerxheim's'  treatise.  The  results  are  expressed  in 
1000  parts  of  the  fluid; 

Uax.         Uln.  HesD. 

CtrrhoBis  of  the  liver 34.5  5.6      9.60  —  21.06 

BrigUfs  disease 16.11     10.10      5.6         10.86 

TuberculoQS and  idiop&tLJcperiionitia fiS.S      18  72    3U.7    —  37.95 

CaTcinomaious  peritoDitts 54.20    27.00    85.1    — 58.06 

Urea  has  also  Iweti  found  in  ascitical  Quids,  sometimes  only  as  traces,  somt>. 
times  iu  larger  quantities  (4  |>.  m,  iii  albuminuria),  also  uric  acid,  aiiantoin  in 
cirrhosis  of  the  liver  (Morcatelli*),  xanthin,  creatiii,  c/utUiltrin,  aud  glueom. 

Hydrocele  and  Spermatocele  Fluids.  These  fluids  diSer  from 
each  other  (in  various  ways.  The  hydrocele  fluids  are  generally 
colored  light  or  darker  yellow,  sometimes  brownish  with  a  shade  of 
green.  Tiiey  have  a  relatively  higher  specific  gravity,  1.016-1.026, 
with  a  variable  but  generally  higher  amount  of  solids,  an  average  of 
60  p.  ni.  They  sometimes  coagulate  spontaneously,  sometimes  only 
after  the  addition  of  fibrin-ferment  or  blood.  They  contain 
leucocytes  as  chief  form-elements.  Sometimes  they  contain  smaller 
or  larger  amounts  of  cholctterin  crystals. 

The  Bpernmtocele  fluids,  on  the  contrary,  are  as  a  rule  colorless, 
thin,  cloudy  like  water  mixed  witli  milk.  They  sometimes  have  an 
acid  reaction.  They  have  a  lower  specific  gravity,  I.OOG-l.OlO,  a 
lower  amount  of  solids — an  average  of  about  i;i  p.  m,, — and  do  not 
coagulate  either  spontaneously  or  after  the  addition  of  blood.  They 
are,  as  a  rule,  poor  iu  proteid  and  contain  spermatozoa,  cell-detritus, 
and  fat-globtiles  as  form-constituents.  To  aliow  tiie  unequal  com- 
}io3ition  of  these  two  kinds  of  fluids  we  will  give  the  average  results 
(calculated  in  parts  per  1000  jmrts  of  the  fluid)  of  17  analyses  of 
hydrocele  fluids  and  -t  of  spermatocele  fluids  made  by  the  author;* 

'  L.  c. 

*  L,  c.  As  it  was  impossible  to  derive  mean  figures  from  those  givea  by 
Bernlipim,  the  author  has  given  above  the  maximum  and  minimum  of  the 
averages  given  by  hira. 

»  L.  c. 

*  L'psala  Lilkaref.  FOrh.,  Bd.  14,  and  Maly's  Jahreaber.,  Bd.  8.  S.  347. 
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In  the  liTdnvfte  flnid  IrnCM  nf  rrrvn  and  ft  mtudDi^  subataorx  ItnTo  Iteeo 
(ouod,  and  lu  ■  feiv  ch.>w<  al.io  tureinir.  tiet'il  amJ  «n'i*i'f.     A  h,vtlrijc«le  Quid  iiiajr. 
ordlufF  to  DKVHX-Mtu.'  HNnmiiuva  wotala  iMraibumin  or  in«ta.lhuioin  (T}. 
I  of  ebylouB  bydTucule  ak  kIbu  known. 

CeTebro*«piiial  Fluid.  Thu  [laid  luu  heretofore  been  coiisidtired 
■8  a  secretion  ftii<i  nut  a  tmimulation.  Lfut  aa  we  now  (consider  not 
ool;  the  lymph  aa  part  seoretiuii.  Imtalso  the  tra nan dat ions,  Bticli  a 
diJTerejioe  between  this  fluid  und  the  others  cannot  Ihj  tiiaintairied. 
The  cerebro-flpinal  lliiid  jh  thin,  water-clear,  of  low  specific  gntTitr, 
3007-lOOH.  The  fipiim  Mlida  Ihiid  is  very  poor  in  solidtt,  ^10 
pw  m.,  with  oalj  0.19-1.6  p.  m.  proteid.  The  tluiU  of  chronic 
lijdroeepbaluB  is  somewhat  richer  in  »olidH  (l/k1£t  j».  m.)  and  pro- 
teids.  Aocorditig  to  llAi.Li(trHn>x  '  the  proteid  of  tlie  corebro- 
Bpinnl  fluid  is  a  mixture  of  ffiofiuiin  and  tiibuvwaes;  ocnuJoimlly 
some  peptone  occnr?,  and  more  rarely,  in  spooial  canes,  semthuniin 
appears.  An  oplioally  inactive^  non-fernieiit)d)le,  redncing  unb- 
stanee,  a6em\ngiy  pffrocatechin  (lT.\i,rymURTON),  has  been  observed 
in  thtR  fliiid.  The  ohier  AtiU(«ni(inL  that  t)ie  oerebro-sjiinitt  llnid 
difTera  from  the  other  iranHndutionH  in  a  f^reater  wealtli  of  poiafuiium 
aoltH  has  not  l>een  cnntlrined  by  recent  itiveflUgutions  of  Yvon  '  and 
HAi-iJBrRTOs.  Accnnliiifj  tof'AVAZZ.ist  *  the  ™rel)rf)-fipinal  flnid 
is  more  alkaline  and  richer  in  solids  in  the  morning  than  in  the 
arening. 

AqaeoQt  Humor.  Thi.i  fluid  in  clear,  alkaline,  nml  has  a  speoidc 
giavity  of  l.no:i-I.OO!).  The  amount  of  aolids  in  on  an  average  13 
p.  m.,  and  the  amount  of  protoids  only  0.&-1.2  p.  m.  The  proteid 
©onsisb*  of  feraUjHtnin  and  (jlnfntlin  and  vorj-  little  fibrinogeiK 
Accordinf;  to  (;Rt.-E.vnA(iEN,*  it  containH  itaralacUc  adit,  another 
dextrogyrate  sulMtance,  and  a  redueijtff  body  which  ia  not  similar 


•  Boll.  soc.  cliim..  ToiD^  49,  \>.  817. 

■  Halliburton'*  Tesub'jok,  pp.  8.15-901. 

■  Jvnrn.  Ue  Pliarm  et  do  Cbiiii.  {i  t<&i.f,  Tone  26. 

*  Malj-s  Jfthreshor..  Bd.  !»,  S  US. 
'  PdOcer-s  Anil..  Bd.  43. 
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to  glacose  or  dextrin.  PAtrrz '  found  urea  and  sugar  h\  the  aqueous 
liumor  of  oxen. 

Blister-fluid.  Tb«  content  of  bliaters  cansed  bj  buruB,  and  of 
resiciitor  blutere  and  the  blisters  oC  the  pemphigux  chronicvs,  is 
generally  u  fluid  rich  in  solids  and  protoids  (-lO-tJ-^  ]>.  m.).  'i'liis  is 
especiuliy  true  of  thecontecitiiof  rei>iuatory  bUsteni,  which  ixluo  oou- 
tain  a  substauce  that  reduces  copper  oxidt*.  The  fluid  oC  the 
pt>ni]iliigui9  is  sVuny  and  iilkiilint>  In  leHctiou. 

The  llnid  yf  subcutaneous  codema.  Tbis  is,  m  a  rule,  Tery  poor 
in  soIiiLs,  purely  serous,  doos  not  contain  fibrinogen,  and  has  a 
tspecific  grarity  of  1.005-1.010.  The  qiiautity  of  proleids  is  in 
most  cases  lower  tluiu  10  p.  m., — H<:oording  to  ilntrtiAXN  1-8 
p.  m.f — and  in  eeriuus  aitoctions  of  the  kidneys,  generally  vitb 
umylfiid  degon oration,  less  tlutu  1  p.  in.  Iia«  been  shown  (IIoff- 
M.vNN*}.  The  aodcma  Quid  also  habitually  contains  urea,  l-t 
p.  m.,  and  also  a  redvcinff  substance. 

Tlie  rLi  ID  DK  rnu  rAi'i:\t'(>iui  cyst  is  rolatoil  [<}  the  iraneudations.  fl  la. 
tliio  nod  n^lijirlon?.  anrj  Kim  a  spt^ilir.  gravity  or  l.O05~].01&.  Tlic  qniDtit.v  of 
•olulii  ii  14-30  )>.  in.  Till'  rlii-niJi'iiL  coiiMtitiKiitii  Are  gluciMtt  (S.&  p.  m.  >,  inont, 
InuwH  of  N»ro,  crmtiit,  tncHnie  ucid.  uid  rnilw  (8.9-9.7  (>.  ni.).  ProMd*  nn> 
only  found  iti  tracca.  aod  \\\^n  nn1y  ahc.r  an  IntlaNiiniitflty  irritation,  [n  tlw 
laiat.itirtiti<inn<l  chhu  T  ;>.  ni.  [iruleidx  liuve  Im^hii  rmiid  in  ihu  tluid. 

The  Synovial  Floid  and  Fluid  in  Synovial  Cavittes  around 
Joints,  etc.  Thti  svuovia  is  hardly  a  transndation,  bat  it  is  often 
treated  us  an  appendix  to  the  truusudatious. 

The  syuoviu  is  uu  ulkaiiuu,  sticky,  iibrons,  yelloirish  fluid  which 
is  clondy,  from  the  jireseuce  of  cell-uitclei  and  remains  of  destroyed 
celts,  but  is  sometimes  ctvur.  Jt  contains  also,  besides />rci/«M{s  and 
sultt!,  u  suUtunce  similar  to  viucin  in  physical  propertiei.  The 
nutiiru  of  thuee  umcin-like  conBLituents  of  physiological  syuoTia] 
fliiid»  has  not  l>een  dtttermined.  Tho  author'  lias  found  a  mucin- 
like  substance  in  jmthologieal  synovial  tlnid,  but  it  was  not  true 
mucin.  It  acts  like  a  nucrhiioiilbumin  or  a  nnckoproteid,  and  gare 
uo  reducing  Bubslance  when  boiled  with  acid.  Salkowmki'  also 
found  a  mucin-liko  substauco  in  a  pathological  synovial  fluid, 
whioh  was  neither  mnoiu  nor  nncleoalbumin.  lie  called  the  sub 
stance  "  flym>rt«." 

■  Zaltschr.  f.  RIologie,  Bd.  SI. 

*  Dmtacb.  Arch.  f.  klin.  M^..  Bd.  44. 

*  Crsala  Ukuref.  FOrbandl..  Ud.  17. 

*  Virdiow's  Arch..  Bd.  ISl. 


Th«  compoflition  of  sjmoTia  ia  not  constaot,  but  varies  in  net 
and  iu  niotioD.     In  the  last-meiitioued  case  the  qnoiitity  of  fluid  is 

tiese,  bat  the  amount  of  the  mucin-like  body,  proteids,  aiid  of  the 
«itractiTe  bodies  is  ^^rentor,  white  the  quantity  of  salts  ia  diminiahod. 
This  may  !«  seen  from  tlie  following  oiuUyBea  by  Fbkiuchs.'  The 
figorea  represent  parts  per  1000. 

I.  Syiovlft  rram    II.  Ajuaviik  troia 
a  aUIJ  fnl  Ox.        a  Pfclil-rnl  Oi. 

'Wmter. SW.O  1*48.6 

Solids 80.1  61.6 

MiicJn-likB  boily ,.       ».4  M 

Pruulds  and  v-itractlret 10.1  8S.i 

Vm 0.8  0.7 

Sail*. 11.8  «.« 

The  ^oTia  of  new-born  babes  corresponds  to  that  of  resting 
mimola.  The  fluid  of  the  bansie  macosse.  m  al^o  the  fluid  in  the 
synovial  cavities  around  joint«,  etc.,  is  similar  to  synovia  from  a 

III.  Pus. 

8  is  a  yellowi  fill -gray  or  yellowish-jfreen,  creamy  masft  of  a 
Taint  odor  and  an  nnniroty,  ave«tia1i  ttwte.  It  coiiHinta  of  a  thiid, 
the  pus-serum,  in  which  solid  particlf>A,  the  piis-eelh^  swim.     The 

H  number  of  these  cells  raries  so  conitiderably  that  tho  pus  may  at  one 
time  be  thin  and  at  another  time  do  thick  that  it  scarcely  contains 
a  drop  of  «ernm.     The  specific  gravity,  therefore,  may  also  greatly 

H  Tary,  namely,  ht^tween  l.O'^O  and  1.040,  but  ordinarily  it  ia  1.03]- 
J.033.  The  reaction  of  freah  pns  is  generally  alkiiltne,  hut  it  may 
become  nentral  or  acid  from  a  dcoompodition  in  which  fatty  acids, 
glyoero-phoephorio  acid,  and  also  lactic  acid  are  formed.  It  may 
become  strongly  alkaline  when  patrefaction  occurs  with  the  forma- 
tion of  ammonia. 

ta  the  chemical  inveetigAtion  of  pua  the  pus-semm  and  the  pns- 
oorpnscles  must  be  studied  scpamtely. 

Pits-s«nun.  Pus  does  not  coaj^idato  spontaneoasly  nor  after  the 
addition  of  deflbrinuted  blood.  Tbie  tlnid  in  which  the  poa- 
corpuscles  are  sospended  is  not  to  be  compared  with  the  plasma,  but 
nther  with  the  eentm.  The  pug-genim  is  pitle  yellow,  yellowish 
gresDf  or  browzush  yellow,  and  has  an  alkaline  reaction.    It  oon- 

<  Wacasr'R  HuidwOrUrbucK  Bd.  8.  Abth.  I.  S.  463. 
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taJoiB,  for  the  most  part,  the  same  constitaenta  aa  the  blood-aeram; 
but  sometimes  besides  these — when,  for  instance,  the  pas  has 
remained  in  the  body  for  a  long  time — it  contains  a  nacleoalbnmin 
or  nncleoproteid  which  is  precipitated  by  acetic  acid  and  solable 
with  great  difficalty  in  an  excess  of  the  acid  ( pyin  of  the  older 
aathors).  This  nncleoalbnmin  seems  to  be  formed  from  the  hyaline 
substance  of  the  pna-cells  by  maceration.  The  pns-seram  contains, 
moreover,  at  least  in  many  cases,  no  fibrin-ferment.  According  to 
the  analyses  of  Uoffe-Seyler,'  the  pas-seram  contains  in  1000 
parts: 

I.  II. 

Water 913.7  805.85 

Solida 868  94.85 

Proteids 63.28  77.31 

Lecitlun 1.50  0.66 

Fat 0.26  0.89 

Cbolesterin 0.58  0.87 

Alcoliol  extractives 1.52  0.73 

Water  extractives 11.58  6.98 

iDorganic  salts 7.78  7.77 

The  asb  of  pua-serum  Las  the  following  composition,  calculated  to  lOOO^ 
parts  of  the  serum : 

I.  II. 

NaCl 6.22  6.39 

Na,SO, 0.40  0.8t 

Na,HPO, 0.88  0.46 

Na,CO. 0.49  1.18 

Ca,(PO,), 0.49  0.31 

M^,(PU,), 0,19  0.13 

PO,  (in  exci'SB) .06 

The  pns-corpuscles  are  generally  thonght  to  consist  in  great  part 
of  emigrated  white  blood-corpuscles  (emigration  hypothesis),  and 
their  chemical  properties  have  therefore  been  given  above.  We 
consider  the  molecular  grains,  fat-globnles,  and  red  blood-corpas- 
cles  rather  as  casual  form-elements. 

The  pus-cells  may  be  separated  from  the  serum  by  centrifngal 
force,  or  by  decantation  directly  or  after  dilution  with  a  solation  of 
sodium  sulphate  in  water  (I  vol.  saturated  sodium-sulphate  solution 
and  0  vols,  water),  and  then  wa^ed  by  this  same  solution  in  the 
same  manner  as  the  blood-corpuscles. 

The  chief  constituents  of  the  pus'corpascles  are  albnminoQS 
bodies  of  which  the  largest  proportiou  seems  to  be  a  nncleoproteid 
which  Is  insoluble  in  water  and  which  expands  into  a  tough,  slimy 

<  Med.  chem.  Untersuch.,  8.  400. 


inasB  irhon  treated  with  a  10<  common-Bait  Bolittion.  This  ptotoid 
sabfitance,  vhich  is  Eolnble  iu  alkali  but  quickly  chaugod  ihoroby, 
is  called  KoviDAsV  hyaline  aubeiance,  and  tlio  propurLy  of  tlio  pna 
of  beiDg  converted  iaui  a  glime-liko  mass  by  a  aolntion  of  coininon 
wit  depends  on  this  eabstanco.  BosidoB  this  aubatance  we  Qnd  iu 
tho  pus-colls  also  an  albuminous  body  which  coagulates  at  4S— lLt°  <J., 
30  veil  as  sergliibuliu  (?),  seralbumin,  a  subscunco  similar  to  coagn- 
laied  albumin  (Mihschhh),'  and  lastly  peptone  (IIocubihtkk).* 

Wo  a\ao  find  iu  the  protoplasm  of  tho  pns^cclld,  boaidos  the  pro- 
teidft,  leeiihin,  ehoUstsrin^  xanihin  bodies,  fat,  and  soaps.  Hopfh- 
Setlgr  has  found  ctrebrin,  a  docompoKition  product  of  a  prougon- 
like  sabstonco,  in  pus  (eoc  Chapter  XII).  KassKi.  and  Fiikytau  ' 
hare  isolated  from  ptis  two  cubabmctie,  pijaain  and  pyogcntn,  which 
belong  to  tho  cercbrin  group  (sen  Chapter  XTI).  IIoi-fE-SKYLKft* 
cl^ma  that  glycogen  appears  only  in  the  liring,  contractile  white 
blood-colls  and  not  in  tho  dead  pns-corpHBcle«i.  Sai^mon*  haa 
nevortbelesfi  found  glycogen  in  pus.  The  tiGll-nuclcms  contains 
KueUiiH  and  nnclooproteifls. 

The  mineral  cnnstitnenU  of  the  pus-corpiisiclea  ai'o  potassium, 
sodium,  calcium,  inugnosinm,  and  iron.  A  part  of  tho  alkalies  is 
found  as  chloridee,  and  the  remainder,  &&  well  as  tho  other  bases, 
exUtS  as  pbospbate^. 

The  quantittitiTe  composition  of  the  pus-cells  from  the  anidyaeit 

of  EIoppb-Seyler  is  us  follows,  in  parta  per  IWO  of  the  dried 

mbMtanco: 

I.  n. 

Ptulfiidfl IBTMl 

Nnokifi WitTtl  685.85        678.69 

Insoluble  bodiflB Sf)A,ei1! 

F«i \  ^"■'"  7.V00 

ChoiMWrin , 74  00  73.B8 

Orehrin S1,IJ9  J  ,«,  o. 

EntMilTetwdte*. «,33)  '"^-"^ 

MII'BHU,  »OBfiTA»CSS  Dt  1004  PAaTS  OF  TUB  DKISU  SOUBTAITCB. 

NmO  4.85 

C"«,(IH>.>, a.OB 

Mk^PIJ.J, 1.18 

FePO. 1.00 

PO...... 9.16 

N« 0.06 

K, ...  Incest?) 

■  noppe-S«5l«r'a  M«d.  chau.  tJnlenucb.,  8.  441. 

*  Zciuclir.  r.  phyMiil.  i%vm.,  ikl.  4. 
» Ibid.,  Bil.  17.  S.  452. 

*  Pliyilol.  ClL-m.,  S.  JflO. 
'  Douuieb.  med.  Wocbcnaclip.,  1877,  Jfo.  & 
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MiEscHER  lias  obtained  other  results  for  the  alkali  combinatiuDS,  uamelj' ; 
potasaium  phosphate  12,  sodium  piiosphate  6.1,  earth;  phosphate  and  iron 
phosphate  4.3,  sodium  chloride  1.4.  and  phosphoric  acid  combined  with 
organic  substances  8. 14-3. OS  p.  m. 

In  paB  from  congested  abscesses  which  hare  stiagnated  for  some 
time  we  find  peptone,  leucin,  and  tyroain,  free  fatty  acids,  and 
volatile  fatty  acids,  sacli  as  formic  acid,  butyric  acid,  ralerianic 
acid.  We  also  sometimes  find  chondrin  (?)  and  glutin  (?),  urea, 
glucose  (in  diabetes),  bile-pigmetits  and  hUe'Ocids  (in  catarrhal 
icterns). 

As  more  specific  bat  not  constant  constitnents  of  the  pus  we 
must  mention  the  following:  pyin,  which  seems  to  be  a  nucleo- 
albumin  or  nucleoproteid  precipitable  by  acetic  acid,  and  also  pyinic 
acid  and  chiorrhodinic  acid,  which  have  been  so  little  studied  that 
they  cannot  be  more  folly  treated  here. 

In  many  cases  a  blue,  more  rarely  a  green,  color  has  been 
observed  in  the  pus.  This  depends  on  the  presence  of  a  variety  of 
vibrios  (Lucke)  from  which  Foruos'  and  Lucre'  have  isolated  a 
crystallizable  coloring  matter  partly  blue  and  partly  yellow,  pyocy- 
anin  and  pyozanthose. 

Appendix. 

Lymphatic  Glands,  Spleen*  ete. 

The  Lymphatic  Glands.  The  cells  of  the  Ijrmphatic  glands  are 
found  to  contain  the  protein  enbatances  occurring  generally  in  cells 
(Chapter  V,  p.  90-91).  Albumoaea  and  peptones  may  also  occur  as 
products  of  a  post-mortem  decomposition.  Besides  the  other 
ordinary  tissue-constituents,  such  as  collagen,  reticulin,  elastin,  and 
imclein,  we  find  in  the  lymphatic  glands  also  cholesterin,  fat, 
glycogen,  sarcolactic  acid,  xanthin  bodies,  and  leucin.  In  the 
inguinal  glands  of  an  old  woman  Oidtmann'  found  714.32  p.  m. 
water,  284.5  p.  m.  organic  and  1.10  p.  m.  inorganic  substance. 

The  Spleen.  The  pulp  of  the  spleen  cannot  be  freed  from 
blood.  The  mass  which  is  separated  from  the  spleen  capsule  and 
the  Btructural  tissue  by  pressure  and  which  ordinarily  serves  as 
material  for  chemical  investigations  is  therefore  a  mixture  of  blood 
and  spleen  constituents.     For  this  reason  the  albuminous  bodiee  of 

'  Compt.  rend.,  Tome  51  and  56. 
*  Arch.  f.  klin.  Chirurg.,  Bd.  S. 
■  T.  Qonip>Besanez,  Lehrbnch,  4.  Aofl.,  8.  7SL 
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the  spleen  are  little  known.  As  characteristic  constilncnbi  we  have 
albumin/tteti  containing  iroti,  nnd  e^ponatly  a  protein  subRtance 
which  ■ioes  not  wagTiIate  on  boiling,  an<l  which  is  precipitated  by 
acetic  acii]  and  yields  an  ash  containing  much  phospltoric  acid  and 
iron  oxide.' 

The  pulp  of  the  spleen,  when  fresh,  bao  an  alkaline  reaction,  bnt 
(juickly  tuma  acid«,  due  partly  to  the  formation  of  free  pnraiacttr. 
acid  and  partly  perhaps  U>  glycero-pkasjihoric  acid,  Uej^ides  these 
two  acidn  there  have  been  found  in  the  spleen  alfifi  tmlatiU  fatty 
acidt^  an  formic,  acetic,  and  butyric  acidd,  as  well  oh  mtccinir  acidt 
ftfutral  fatt,  cAoI^teritt,  traces  of  hucin,  inonil  (in  ox-epleen), 
acyUil,  a  body  related  to  inosit  (iu  the  spleen  of  plugiostoma), 
gtyco^n   (in  dog-epleeu),  HTic  acid,  xantftin  bodies,  and  jecorin 

(II.XLI)I'). 

AniouK  the  constituents  of  the  spleen  the  d«po»H  rich  in  iron. 
which  coutiist^a  of  fermginoas  grannies  or  conglomerate  masses  of 
them,  and  closely  studied  by  Nassb,  is  of  special  interest.  These 
iron  grains  produced  by  the  rnti): formation  of  the  red  corposclee, 
and  which  also  occur  in  old  thrombi,  are  chiefly  produced  when 
stagnant,  blood-corpuscles  are  notdissolred,  and  they  may  be  formed 
either  osLltacellulur  or  intracellular  when  the  bloo'I-corpuscles  are 
taken  up  by  the  colorless  cells.  This  deposit  does  not  occur  to  the 
Bume  extent  in  the  spleen  of  all  animals.  It  is  found  especially 
abundant  in  the  spleen  of  the  hon^.  K.\S:^i-:*on  analysing  the 
grains  (from  the  apleen  of  a  horee)  obtained  h4(>-03U  p.  m.  organic 
and  160-370  p.  m.  inorganic  snbstanujs.  Thew  last  consisted  of 
SOR-V'-Jti  p.  m.  Fe,0„  205-388  p.  m.  I'/',.  an<l  o7  p.  m.  oartlis. 
The  organic  8ut)«tttuces  consisted  chiefly  of  protei<ls  (fiUO-SOO 
p.  m.),  nuclein.  h'l  p.  m.  (maximnm),  a  yellow  coloring  matter, 
extractive  bodies,  fat,  choleBteriu,  and  lecithin. 

In  regard  to  the  miitfral  cott»iitttti\ts  it  is  to  be  obeerTed  that 
the  amount  of  iron  in  adnlttf  is  i^trikingly  large,  iirid  further  that 
the  amount  of  aodium  and  plioKplioric  acid  is  smaller  than  tliat  of 
potassium  and  chlorine.  The  amount  of  iron  iu  new-bom  and 
young  animals  is  small  (Lapicqub,*  KbCoeb,  and  rERXOi''),  iu 


■  V.  <ii>riip-R«Aaiin.  L^hrbucli,  A.  AiiH.,  S.  T17. 

•  Du  Dois-U^TUbfiid'a  Arcb..  im',,  8uppL 

■  Iklj-a  JaJuMbar..  Bd.  10.  S.  81S. 
'iMd..  20.  S.  868 

•  ZehMlir.  f.  Bfologi*.  Bd.  ST. 
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adults  more  appreciable,  and  in  old  animolB  sometimes  very  con- 
siderable. Nasse  '  found  nearly  50  p.  m.  iron  in  the  dried  pulp  of 
the  spleen  of  an  old  horse. 

The  quantitative  analyses  of  the  hnmaa  spleen  by  Oidthank  * 
give  the  following  results:  In  men  he  found  750-694  p.  m.  water 
and  350-306  p.  m.  solids.  In  that  of  a  woman  he  foand  774.8 
p.  m.  water  and  225.2  p.  m.  solids.  The  quantity  of  inorganio 
Ijodies  was  in  men  4.9-7.4  p.  m.,  and  in  women  9.5  p.  m. 

In  regard  to  the  pathological  processes  going  on  in  the  spleen 
we  must  specially  recall  the  abundant  re-formation  of  lencocytes  in 
leucssmia  and  the  appearance  of  amyloid  substance  (see  page  67). 

The  physiological  functions  of  the  spleen  are  little  known  with 
the  exception  of  its  importance  in  the  formation  of  leucocytes. 
Some  consider  the  spleen  as  an  organ  for  the  dissolution  of  the  red 
blood-corposcles,  and  tlie  occurrence  of  the  above-mentioned  deposit 
rich  in  iron  seems  to  confirm  this  view.  Other  investigators  regard 
the  spleen  as  a  blood-forming  organ.  Several  investigators  claim 
the  occurrence  of  nucleated  preliminary  steps  in  the  formation  of 
red  corpuscles  in  the  spleen  or  of  yonnger  red  corpuscles  in  the 
blood  of  the  splenic  vein. 

The  spleen  has  also  been  claimed  to  play  an  important  part  in 
digestion.  The  organ  is  known  to  enlarge  after  a  meal,  and  this 
enlargement  is  thought  by  Schifp'  and  Hekzen'  to  be  connected 
with  the  filling  of  the  pancreas  with  enzymes.  According  to  the 
above-mentioned  investigators,  after  the  extirpation  of  the  spleen 
the  pancreas  does  not  produce  any  enzyme  which  digests  proteids, 
but  Heidesheim  '  and  Kwai.d  '  have  not  been  able  to  confirm  this 
fact.  According  to  kter  investigations  of  Hbrzen,'  an  enzyme 
which  digests  proteids  is  produced  in  the  spleen  during  its  enlai^e- 
ment. 

An  increase  in  tbe  quantity  of  nric  acid  eliminated  has  been 
observed  by  many  investigators  (see  Chapter  XV)  in  lineal  lea- 
ciemia,  while  the  reverse  has  been  observed  under  the  inflaence  of 


'  C'it.  from  Hoppe-Seyler's  Pliysiol.  Cbera.,  S.  780. 

*  C'it.  friim  V.  Uornp-Besuiiez,  LfbrlmcU,  4.  Aufl.,  S,  719. 

»  Arch.  f.  Heilkumle,  »■!.  3,  Scliwei/,.  ZeitscUr.  f.  wias.  Mod.,  1862. 

*  PflDgers  Arch  ,  Bd.  SO.  S.  295  and  308. 

*  L.  Il^rmmiirM  Ilaiidb.  d.  PliyaioL,  Bd.  5,  S.  206. 

*  Vi-rhandl.  d.  pliysitji.  ties,  in  Berlin,  1878. 
»  Maly's  Jaliwsber..  Bd.  18,  S.  193. 
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qainiu  in  Large  tiooOB,  which  producos  an  oDiargenieiit  of  the  spleon. 
We  have  hero  u  rathor  poeitivo  proof  that  thoro  in  u  ctoov  relatiari- 
■hip  betwccQ  the  e])lcM:i]  uaU  the  furmatiou  of  uric  acid.  This 
relationahip  has  lately  been  stailied  by  HoititACZRwyKi.'  He  has 
ihowu  that  wlien  the  Kplcoii  pulp  anil  hU^  of  calvca  u  lUtowed  to 
act  oa  each  other,  uudcr  certaiu  coaditioiia  aad  tom[ierature,  in  the 
prcaenoe  of  air,  largo  r{uantiUe8  of  uric  acid  ara  forniod.  Umler 
other  coaditioDs  he  obtuined  from  the  splecti  pulp  only  xanthiii 
bosee  with  uo  or  very  little  nric  acid.  Hohdaczkwski  hati  also 
'ibova  that  the  ario  acid  originated  from  the  nncloiiu  of  tlio  spleen, 
vitiuh  yield  uric  acid  and  xanthin  baaoa  according  to  tho  ox]>eri- 
montal  couditioos. 

The  spleen  has  the  same  property  ns  the  liver  of  retaining 
ioreigii  Wnett,  nietids  atid  uiettilloldd. 

The  ThymoB.  tltitsided  proteidsuud  suhstancee  belongitigto  the 
connective  group,  ve  tiud  dmail  quuntititw  of  fat,  leuciit^  succinic 
aeidt  lactic  acid,  and  glucosa.  The  large  quantity  of  xanthtn  Imdies, 
chiefly  adenine  is  reniarkahlo — 1.70  p.  m.  in  the  freab  gluud,  or 
19.19  p.  ttu  m  the  dried  suhstaiit-e  (Kossbl  and  ScniNiiLBU'). 
LlLIE^PKLii'  has  foiiiiil  invjiit  and  pruinyon  in  the  celld  of  the 
tbymns.  The  qnanlitotire  compoaition  of  the  lymphocytes  of  the 
tbymtu  of  a  calf  is,  aooording  to  Lxlikkpeld'h'  analysis,  as  fo]> 
lows.     The  results  are  given  in  1000  parts  of  the  dried  subatanoe. 


I 


Prntcida 1J.6 

Louwnuckio 9B7.8 

Qiaston 84.7 

UcUhlD 75  1 

r« .,.,.,., - ^o.a 

Cbolasterln.... 41  0 

Olyeogea 8.0 


The  dried  snbstaace  of  the  leucocytes  amounted  to  an  arerage 
of  IH.O  p.  ni.  I'otatisium  and  phosphoric  acid  are  prominent 
mineral  couBtiluentif.  Liuespelti  fourul  K.Ii,I'0,  amongst  the 
>Ddiei)  solnble  in  alcohol.  Oidtmaxx*  found  807.00  p.  m.  water, 
199.T4  p.  m.  orpinicand  0.3  p.  m.  inorganic  subatunceBin  tbegbitid 
of  a  child  two  wcekH  old. 

■M<»iAMb«rt«  r.  Cbun..  1H89.  naA  Wim.  BiUang«b«r.  IStll,  M&th.  Muurw. 

.  Ai'tiii.  a 

•Kdtsebr.  1.  pbyriol.  CLem..  Bd.  13. 

*Ibid..  ea.  l^S,  4T8. 

•L.C. 

*  C\\.  from  r.  Gorup-Bcsuics.  Lebrbucb,  ^  Anfl-,  S.  783. 
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The  Thyroid  Gland.     Ttie  chemical  constitaents  of  this  glawl 
are   little   knotvu.     ItuuKOw'    has  obtained  n  protein   snbetanoe 
callefl  by  him   "  fhyreo/iroleine,"  by  extracting  the  gland   with 
common-salt  solution  or  by  very  dilato  canetic  i>ota»h.     This  body 
ba8  about  the  same  anioiint  of  uitrogeu,  bnt  ^Dialler  Aniouuts  of 
carbon  and  liyrlrogen  than,  the  protoids  in  general.    The  fluid  found 
iu  the  vesicle  sometimes  contains  a  viucin-like  mlstutice  which  is 
precipitated  by  an  excess  of  acetic  acid.     Govklat  '  conld  not  tind 
any  nincin  but  only  a  uncleoalbnnnu  in  the  thyroid  gland  of  oxeu. 
Besides  the^,  other  substances  have  been  found  in  the  extract 
the  glands,  sncli  as  leun'n,  j-authin,  htfpoxanthin,  latiicfttxd  succinu 
acitis.     Uiutmaxn'  found  in  the  thyroid  gland  of  an,  old  woi 
833.4  p.  m.  water,  17^.7  p.  m.  organic  and  0.9  p.  ni.   iuorgani 
substances,     lie  found  773.1  p.  m.  water.  33:3.1  p.  ni.  organic  and 
4.5  p.  u).  inorganic  substances  in  an  infant  two  weeks  old. 

In  "  8TKCMA  CYSTICA  "  IIopPE-SfiyijjR  found  hsrtlly  any  pro- 
teid  in  the  smaller  glandular  vessels,  but  an  excess  of  mucin,  while 
in  the  larger  he  found  a  great  deal  of  proteidy  70-t*0  p.  m,* 
Choiesterin  is  regnlurly  fonnd  in  such  cj'sts,  sometimes  iu  inch  large 
<]Uantitio3  that  the  entire  contents  fr>nn  a  thick  muss  of  cfaolcslorin 
platea.  Crj-atab?  of  catmum  oxtilato  also  ocoor  frcfiiiontly.  The 
contents  of  the  struma  cysts  uro  sometimes  of  a  brown  color  due  to 
decomposed  coloring  matter,  fnetha-moghhiii  (and  hfemalin?).  Bilo- 
floloring  matters  have  also  bnuu  found  in  such  cysts.  (In  regard  to 
the  jmraibtLmins  and  colloids  which  have  been  foun<t  in  struma 
cysts  and  colloid  dogeneration.  see  (Jliapter  XIII.)  ^M 

Little  is  known  in  regard  to  the  fu]iction.s  of  the  thyroid  gUnd.  ^| 
From  a  ohemlcal  standpoint  the  view  is  worth  suggeeting  that  the 
Bo-callod  myxcpdcma,,  which  \&  a  slimy  inGltration  or  ahandant 
exiuborancc-  of  the  connective  tissue  of  the  subcutaneous  coU-tisana 
ospcciiUly  of  the  head  and  throat  (besides  other  disttirbaDOGd)  stands 
in  <!onnoction  with  the  failing  of  the  activity  of  the  thyroid  gland. 
n<iitt4ij':v  and  IIallibl'uton'  found  in  moiikeys,  but  not  in  pige, 
that  the  amount  of  mucin  iu  the  tiseuo  was  iucreuscd  after  extirpat- 
ing the  thyroid  gland. 

'  Zoiiechx.  t.  pliTsiol.  Chem..  Bd.  8. 

»  Jnnmalof  PljTefoi.,  Vol.  l«, 

■  Clt   rrnm  v.  Gorup  B<>«in«z,  Lehrbnch.  8.  7S2. 

•  Hc.p[ie-S«vlcr,  Physiol,  riirm.,  8.  T2I. 

•  Bitt.  Ued,  JoDTci.,  ltM6 ,  nbo  M&lf's  Jabreabar..  Bd.  18,  B.  SSi. 
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We  have  no  oxplaiiatioii  as  to  the  action  of  the  glanil  in  tliese 
In  coosiderauon  of  the  very  fiiTDmble  ttiem|iuiitit;al  roHiilU 
Hch  bare  bocu  obtainoil  in  uiiuiy  caiieE;  uf  iiiyxuHleinu  by  tlie 
iajection  of  a  watery  or  glycorin  extract  of  the  glanil  or  the  a<1min- 
istmiiou  of  the  gland  of  tihevp.  it  Kn^ms  probable  that  myxojclema 
is  caused  by  ati  itiioxicalion  iinidiiced  by  inetiilioli<!  products,  wliiob 
are  otheririse  deatroyed  or  maile  liartnleBs  by  the  gland. 

The  Soprarcnal  Capsaie. — llmideti  prnteido,  Biifi^bances  of  the 
connective  tisane,  ami  salle,  wo  find  in  the  aiipmrenal  capsule 
iNWiV,  paJtmtin,  ItnnthiHf  tuurin^  and  glifc-erti-p/imphoric  aeiii, 
vhtcli  last  gives  the  poidonous  properties  of  iho  watery  extract  of  the 
gland  (Mariko-Zito  and  (it'Ans'iEtii '],  and  some  lencin,  which 
ifl  probably  a  decomposition  product.  The  Btutoment  that  ie/izoie 
arid,  hippurie  acid,  and  hiUury  acidji  oocnr  in  this  glatid  conld 
not  be  oonfirmed^  by  Stadblmann.'  In  the  mcduUa  there  hare 
been  found  ono  or  more  eftromogeng  which  are  converted  into  a  red 
pigment  by  the  action  of  air,  light,  warmth,  huloid  or  metallic  salts 
(Vru'iAN.  Khl'Kbsbehg ').  Pyrocatechin  also  probably  occurs 
therein.  Beoauas  of  the  amount  of  chromogcn  contained  in  the 
suprarenal  body,  a  connection  is  clftimed  between  the  abnormal 
deposition  of  pigment  in  the  skin,  which  is  characteristic  of  Adtu- 
soy's  diMflM,  and  the  diseased  changes  which  often  occnr  in  the 
Bnprarennl  bwly. 

Nothing  [>o8itJTe  is  known  as  to  the  functions  of  the  suprarenal 
cupanle.  The  extirpation  of  the  sapraronal  capanle  of  a  dog  ta 
alwajB  a  fotal  opfrntion  (LAN<JLum).  Death  is  hastened  by  the 
injection  of  blood  from  no  animiil  killeil  by  this  operation,  while 
the  blood  from  a  healthy  animal  baa  no  action.  Perhaps  we  have 
here  also  to  deal  with  an  intoxication  produced  by  metabolic 
products,  which  are  made  harmleiw  or  destroyed  by  the  anprarcnal 
cspsnieri  ander  normal  oonditiona.  The  investigations  of  AmtLOL's 
and  LixOLois  and  others  seem  to  con0rm  this  view 

<  Maly-s  JAliruaber.,  Bd.  16.  S.  SSI. 
■  Z«itscLr.  f  pb.rnoL.  (.1i«m.,  Bd.  18. 
*Vircliow'tAjob..Bd.  101. 


CHAPTER  VIII. 

THE  LIVEB, 

The  liver,  which  is  the  largest  organ  of  the  body,  stands  in  close 
relationship  to  the  blood-forming  organs.  The  importance  of  this 
organ  in  the  pliysiological  composition  of  the  blood  is  evident  from 
the  fact  that  the  blood  coming  from  the  digestive  tract,  laden  with 
absorbed  bodies,  mast  circulate  through  the  liver  before  it  is  driven 
by  the  heart  through  the  different  organs  and  tisanes.  It  has  been 
proved,  at  least  for  the  carbohydrates,  that  an  assimilation  of  the 
absorbed  nutritive  bodies  which  are  brought  to  the  liver  by  the 
blood  of  the  portal  vein  take»  place  in  this  organ.  The  occarrence 
of  synthetical  processes  in  the  liver  has  been  positively  proved  by 
special  observations.  It  is  possible  that  in  the  liver  certain  am- 
monia combinations  are  converted  into  urea  or  uric  acid  (in  birds), 
while  certain  products  of  pntrefiiction  in  the  intestine,  snch  as 
phenol,  may  be  converted  by  synthesis  into  ethereal  sulphuric  aoida 
by  the  liver  (Pfluger  and  Kociia  ').  The  liver  has  also  the  prop- 
erty of  removing  and  retaining  heterogeneous  bodies  from  the 
blood,  and  this  is  not  only  true  -of  metallic  salts,  which  are  often 
retained  by  this  organ,  but  also,  as  Schifp,  Lautenbebokr, 
Jacqcbs,  HiSr.ER,  and  Rouer'  have  shown,  the  alkaloids  are 
retained  and  are  probably  partially  decomposed  in  the  liver.  Toxins 
are  also  retained  by  the  liver  and  hence  this  organ  has  a  protective 
action  against  poisons. 

Even  though  the  liver  is  of  asBimilatory  importance  and  purifies 
the  blood  coming  from  the  digestive  tract,  it  is  at  the  same  time  a 
secretory  organ  which  eliminates  a  specific  secretion,  the  bile,  in  the 

I  Pfln^er's  Arch.,  Bd.  20  and  Bd.  23,  S.  169. 

*  Roger,  Actiuii  du  foie  sur  les  poisons  (Paria,  1887) ;  Bonch«rd,  Lepoos 
BUT  les  autointoxications  dans  lea  Maiadies  (Paris,  ltt87);  uid  E.  Sotli&r  in 
Arcli.  des  sciences  biologique  de  St.  PetersbuuT);,  Tome  2,  No.  4,  p.  687. 
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prodaction  of  which  the  red  blood -oorpuacies  are  destroyed,  or  at 
leut  one  of  their  con^titaeuts,  the  hEcmoglobiu.  It  is  generullv 
Admitted  that  the  liver  iicts  contrariwise  duriug  fcptal  life,  at  that 
time  forming  the  ru<l  blood -corpusvlea. 

There  is  no  doubt  that  the  chemical  operations  going  on  in  this 
organ  are  manifold  and  must  be  of  the  greutest  importance  for  the 
orgaoism;  bnt  nnfortiinately  we  know  ven*  little  about  the  liind 
and  extent  of  tliese  procosBoe.  Among  them  are  two  principal  ones 
which  will  t>e  fully  treated  in  this  chapter,  after  we  have  first 
described  the  confitUiients  and  the  chemical  composition  of  the 
liver.  One  of  thew  ]iroce(>aeB  weiiiB  to  l>e  of  un  usuimilatory  uatare 
and  refer  to  the  formation  of  glycogen,  while  the  other  refers  to 
the  production  and  secretion  of  the  bile. 

The  r»uc'tiou  of  the  liver-oell  is  aikoline  during  life,  but 
becomee  itoid  after  ileatb.  Tbii>  uliarige  '\6  probuiily  due  to  the 
fommtion  of  lactic  acid,  causing  a  raigiilatiou  of  the  proleidfl  of  the 
protoplaam  of  the  vaW.  A  ]H»itivo  liitTcremNj  between  tlie  albu- 
minous bodieft  of  the  dead  and  the  living,  uon-coagulated  jiruto- 
plnsm  bus  not  been  observed. 

The  proieids  of  the  liver  wore  iintt  onmfully  investigated  by 
PU>sz.'  He  found  in  the  wut^iry  exiriuic  of  the  liver  an  albuminous 
lulsiance  which  coagulates  at  +15"  C,  also  a  glohulin  which 
coagulates  at  -|-  7fl*  C,  a  michiHtibxtmin  which  coiigulates  at 
+  70''  O.,  and  lastly  u  protnid  hmly  which  is  nearly  relatod  to 
eoaffufated  tUbttmius  and  which  is  ingoluble  in  dilute  acids  or 
alkalies  at  the  ordinary  temperature,  hut  dissolves  on  the  appli(»- 
lion  of  heat,  being  oouvortcd  inui  an  albuminate.  HAi.MniRTGx' 
hafl  fonnd  two  glubulius  in  the  liTor-ixtllti,  one  of  wliich  coagiilHtea 
at  GR-TO"  C,  and  the  otlicr  at  li-.VC  0.  He  also  found,  liesides 
tiBcea  of  albumin,  a  nucleoalbumin  (nucleoprotoid)  which  contained 
1.45^  phoephonis  and  a  coagulation -point  of  60"  C.  The  liver- 
cells  contain,  besides  these  proteids,  ii  lurgo  quantity  of  ditticultly 
aoinblc  protein  btMlios  (ace  Piiisz).  St.  Zaleski*  bos  found  in  thft 
liver  n  proUid  containing  inr»,  in  which  the  iron  is  more  or  less 
Htrongly  combined.  It  is  unknown  what  relation  this  bears  to  the 
iibove-meniioned  proteids. 

The  /at  of  the  liver  occure  partly  as  very  small  globalcs  and 

*  PflOfer'B  AKb..  Bd.  7. 

•  Journ»l  rtf  I>l./«ol..  Vol.  13,  Siippl.  1998. 
■Zsludir.  f.  {ihynol.  Ctioui.,  Bd.  10,  B.  468. 


208  TBE  UVSTL 

partly,  especiall;  in  nnreing  children  and  sucking  animals,  as  also 
after  food  rich  in  fat,  as  rather  large  fat-drops.  This  infiltration 
of  fat,  which  may  be  made  so  abundant  by  proper  food  that  it 
appears  similar  in  the  highest  degree  to  a  pathological  fatty  liver, 
begins  in  the  periphery  of  the  acini  and  extends  towards  the  centre. 
If  tlie  amount  of  fat  in  the  liver  is  increased  by  an  infiltration,  the 
water  decreases  correspondingly,  while  the  quantity  of  the  other 
solids  remains  little  changed.  In  fatty  degeneration  this  is  differ- 
ent. In  this  process  the  fat  is  formed  from  the  protoplasm  of  the 
cell,  and  the  quantity  of  the  other  solids  is  therefore  diminished 
while  the  amount  of  water  is  only  slightly  changed.  To  illustrate 
this,  we  give  below  the  results  from  a  normal  liver,  and  also  the 
results  obtained  by  Pehls  '  in  fatty  degeneration  and  fatty  infiltra- 
tion.    The  results  are  in  1000  parts. 

Wftt«r.  Fat.  Rem&lning  Solids. 

Normal  liver 770  20-85           207-185 

Fatty  degeneration 816  87                     97 

Patty  infiltration 616-621  195-240          184-145 

Among  the  extractive  substances  heBides  gl>/coge7iy  which  will  be 
treated  of  later,  we  find  rather  large  quantities  of  zanthin  hoses. 
KossEL*  found  in  1000  parts  of  the  dried  substance  1.97  p.  m. 
guanin,  1.34  p.  m.  kypoxanthin,  and  1.21  p.  m.  xanthin.  Adenin 
is  also  contained  in  the  liver.  In  addition  there  have  been  found 
urea  and  uric  acid  (especially  in  birds),  and  indeed  in  larger  qaaa- 
tities  than  in  tlie  blood,  paralactic  acid,  leucin,  jecorin^  and  cystin. 
In  pathological  cases  imsit  and  tyrosin  have  been  detected.  The 
occurrence  of  bile-coloring  matters  in  the  liver-cell  under  normal 
conditions  is  doubtful;  but  in  retention  of  the  bile  the  cells  may 
absorb  the  coloring  mutter  and  become  colored  thereby. 

Jecorin  was  first  fnund  by  DitECiiSEi,'  in  tlie  liver  of  a  iiorse,  and  later  by 
Baldi^  in  the  liver  and  8]ileen  of  oilier  animals,  In  tbt;  muscles  and  blood  of  the 
liorse,  and  in  the  liuiuan  brain.  It  iiontainH  siilpbiir  and  pliospliorus,  but  iia 
c')niititiiti»ii  in  not  puMltivety  known.  Jecorin  disHolves  in  ether,  but  is  precip- 
iiatcil  from  this  solution  by  alcohol.  It  rediiras  ci)]>per  oxide,  and  it  solidifies 
aTter  lioiling  with  alkalies  to  a  gelatinous  mass.  It  may  lead  to  errors  in  th« 
invesiipaiions  of  orj;an,s  or  tiasue.s,  ft)r  it  can  ea.sily  be  mistaken  for  lecithin  on 
account  of  it^i  Holuhilitics  and  because  it  contains  phosphorus. 

Tiie  mineral  bodies  of  the  liver  consist  of  phosphoric  acid, 
potassium,  sodium,  ulkaline  earths,  and  chlorine.     The  potassium 

'  Centralbl.  f.  il.  uied.  Wisiiensch.,  Bd.  II.  S.  801. 

»  ZeitBchr.  f.  physiol.  Chem.,  B(i.  8,  S,  408. 

'  Her.  d.  sachs.  (Jes.  d.  Wissenscli.,  18S6.  S.  -14. 

*  Du  liois  Iteymond's  Arch.,  Physiol.  Abtli.,  1887.     Suppl.  S.  100. 
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is  in  exccflB  of  tlis  sodium.  Iron  is  a  regalar  constituent  of  the 
liver*  but  in  rery  Turiablo  amonnts,  0,3~11.8  p.  m.  calculated  for 
the  dried  gnbstaDCO of  tbe  livt-rof  different  aninia1i<  (St.  Zalkkki  '). 
Brsiit:'  has  fonnd  0.01-0,355  p.  ni.  iron  iu  the  bloml-free  lirur  of 
Toung  cata  and  dogs.  This  was  oalcuUtcd  on  the  liver  eabstanoe 
fr«hlj  washed  with  n  H  NaCI  eolntion.  Calculated  on  10  kila» 
bodilj  weight,  the  iron  in  the  livers  nmonnted  to  :t.4-&0.l  mgui. 

The  rtchnesB  of  the  lirer  of  new<born  animals  in  iron  is  of 
■pedal  interest;  a  condition  wliich  follows  from  tbo  analyses  uf 
St.  Zalehki.  bnt  especially  Rtiidied  hy  KKCitKit,  Mkyku,  and 
pBRNOC*  In  oxen  and  cows  they  found  0.24t>-0.376  p.  m.  iron 
(calniilateil  on  the  dry  snbetanre).  stul  in  the  row  fietiis  about  ten 
times  as  much.  The  liver-cells  of  a  calf  a  week  old  oonlaiii  iU)oul 
eenn  times  as  mnch  iron  as  the  f nil-grown  animal;  the  quantity 
sinks  in  the  firet  fonr  weeks  of  life,  when  it  about  rftarhes  tho  samif 
amount  mi  iu  the  grown  animal.  TjAfir't^i'K'  iiafl  ftlwi  found  that  in 
mbbita  the  quantity  of  iron  in  the  lirer  Rtefulily  diminisheB  from  the 
eighth  day  tf>thrwmfint]ia  after  birth,  numelr,  from  in  to  0.4  p.  m., 
«alcnlat«d  on  the  dry  substance.  "  The  fu-ud  Hver-cells  bring  an 
abundance  of  iron  into  the  world  to  be  used  up,  within  a  certain 
time,  for  a  pnrpose  not  well  known."  A  part  of  tho  iron  exists  ma 
pboHpbate,  and  the  gre.-it<>r  part  in  combination  with  the  protein 

bodies  (St.  ZAi.ft»Ki).  F.  KuCobr*  has  detemitued  tlie  quantity 
of  calcium  in  the  Hver-ceilii  of  oxeci  in  various  stages  of  development, 
wid  bus  found  tliat  tlie  average  quantity  was  only  0.71  p.  m.  of  the 
dried  substance  in  fnll-grown  oxen  and  1.23  p.  m.  in  calves,  tn 
tlie  fretus  of  the  cow  it  in  lower  than  tn  calves,  but  it  shows  two 
maiimii  during  ftrit-il  life,  one  in  the  lirst  to  the  fifth  month,  and 
the  other  in  the  tenth  month,  of  pregnancy.  At  these  times  tha 
llTer-cells  contiiin  about  Ab%  more  calcium  thun  in  fitlUgrown  oxen. 
l>iiring  pregnancy  the  iron  and  calcium  arc  antagonistic;  namely, 
an  iucreaae  in  the  quantity  of  calcium  causes  a  diminution  in  the 
inm.  Mild  an  increuse  in  the  irou  causes  a  decrease  in  the  calcium. 
KnfuER  found  23.?  p.  m.  sulphur,  12. S  p.  m.  phosphorus,  and 
0.55  p.  m.  iron  in  the  livur-celis  of  adnlt  penwiis  and  3o.6  p.  m. 


»  U  c.  8.  4UA19. 

'  2dlMlir.  I.  pliyaiol.  Chem  .  BJ-  17,  8.  78. 

>  Zelbtcbr  t.  Biolofpe,  Bd.  'iT,  S.  480. 

■  Zeltsobr.  t.  Bitilofflv.  BtL  31. 
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Bulphur,  15.4  p.  m.  phosphorus,  and  3.14  p.  m.  iron  in  thoee  of 
new-born  infants.  Copper  seems  to  be  a  physiological  constituent. 
Foreign  metals,  snch  as  lead,  ziuc,  and  others  (also  iron),  are  easily 
taken  np  and  retained  for  a  long  time  by  the  liver. 

V.  BiBBA '  found  in  the  liver  of  a  young  man  who  had  snddenly 
died,  tG%  p.  m.  water  and  338  p.  m.  solids,  consisting  of  25  p.  ra. 
fat,  153  p.  m.  probeid  and  gelatin-forming  substance,  and  61 
p.  m.  eztractire  substances. 

Glycogen  and  its  Fonnation. 

Olyoogen  was  discovered  by  Bernard  and  Hbnsen*  independ- 
ently of  each  other.  It  is  a  carbohydrate  closely  related  to  the 
starches  or  dextrins  with  the  general  formula  C,II„0„  perhaps 
0(0, H„0,)  +  H,0  (KuLZ  and  Bornthagee').  The  largest  quan- 
tities are  found  in  the  liver  of  full-grown  animals,  and  smaller 
quantities  in  the  muscles  {Bernard,  Nasse  *).  It  is  fonnd  in  very 
small  quantities  in  nearly  all  tissnes  of  the  animal  body.  Its  occurs 
rence  in  lymphoid  cells,  blood,  and  pus  has  been  mentioned  in  . 
previous  chapter,  and  it  seems  to  be  a  regular  constituent  of  all  cells 
capable  of  development.  Glycogen  was  first  shown  to  exist  in 
embryonic  tissues  by  Bernard  and  Kuhne,'  and  it  seems  on  the 
whole  to  be  a  constitaeut  of  such  tissues  in  which  a  rapid  cell- 
formation  and  cell -development  is  taking  place.  It  is  also  present 
in  rapidly  forming  pathological  swellings  (Hoppe-Seylee  ').  Cer- 
tain animals,  as  certain  muscles,  are  very  rich  in  glycogen  (Bizio '). 
r.lycogen  also  occurs  in  the  plant  kingdom,  especially  in  many 
fungi. 

The  qnantity  of  glycogen  in  the  liver,  as  also  in  the  mnscles, 
depends  essentially  npon  the  food.  In  starvation  it  disappears 
nearly  completely  after  a  short  timr,  but  more  rapidly  in  small  than 
iu  large  animals.  According  to  the  old  views  it  disappears  earlier 
from  the  muscles  than  from  the  liver.     According  to  the  later 

'  Seo  V.  Oiirup-Besanez,  Ijehrbucli,  4.  Aufl.,  S.  711. 

'  CI.  Bernard,  C'omp.  read..  Tome  44,  p.  578;  and  Heasau,  Virchow'i  Arch., 
Bd.  11.  H.  395. 

'  Pflllger's  Arch.,  Bd.  24.  S.  19. 
*lbul.,  Bd.  2,  S.  97. 

*  See  KUbne,  Ubrb.  d.  physiol.  Chem.,  1868,  S.  807. 

•  Pflttger'H  Arch..  Bd.  7.  S.  409, 
'<  Coiup.  rend..  Tome  62,  p  675. 
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detenu inations  of  Aldehopf  '  oq  hens,  pigeons,  rabbits,  cats,  and 
horses,  whicli  hare  Ikjcu  eynfirnied  by  KClz  and  IlERCrESHAnx " 
and  others,  the  mtiitclv  glycogen  hu  a  greater  resistance  to  destruc- 
tion tbaa  liver  glycogen.  After  partaltiiig  of  food  especially  abun- 
dautincarbohydratea,  tlioIi*-er  becomes  ricU  again  in  glycogen,  the 
greateBt  iucreuiont  occurring  14  to  16  hours  after  eating  (K(xz*). 
Ueugexhaiin  found  ou  experiments  with  htinatbat  the  u]>pL<arauoe 
of  the  maximum  of  glycogen  in  the  liver  was  oIm  dcjiciident  tipon 
the  quantity  of  carbohydrates  partaken  of.  Tiie  maximum  of  liver 
glycogen  was  reached  on  supplying  lOguis.  cuuo-sugur  in  12  honn, 
and  after  3U  gms.  in  20  hours.  The  maximum  of  muscle  glycogen 
ia  reochcd.  after 'iO-"i4  boars,  independently  of  tho  (inautity  of  cane- 
sagnr  supplied.  The  quantity  of  liver  glycogen  may  amount  to 
IW-IGO  p.  m.  after  partaking  of  large  quantities  of  carbohydrates. 
Ordinarily  it  is  considerably  loss,  namely,  \'l-'AO  to  -10  p.  m. 

The  quantity  of  glycogen  of  the  liver  (and  also  the  rauacles)  is 
also  dependent  upon  rest  ntul  activity,  because  during  activity  the 
quantity  diminishes.  KOlz*  has  shown  that  by  hard  work  the 
quantity  of  glycogen  in  the  liver  (of  dogs)  a  reduced  to  a  minimum 
in  a  few  hours.  The  nmscle  glycogen  does  not  diminish  to  the 
same  extent  m  tho  Uror  glycogen.  Kl'lz  was  able  to  completely 
consume  tho  liver  us  well  ad  the  muscle  glycogen  of  a  rabbit  in  3-A 
hours  by  qualified  tstrycliuin  poisoning. 

Glycogen  foruiii  au  auiorplious,  white,  taateless,  and  inodoroua 
powder.  U  gives  an  opalescent  aoLtitiou  with  water  vrhich,  when 
allowed  to  evaporate  iu  the  water-butii,  forms  a  petliute  over  the 
sorfaoe  thai  disuppearei  t^^iu  ou  couliug.  The  solutiou  is  dextro- 
gyrate, (a)  P  =  +  lOG".t}3  (Ili-ETERT*).  The  BiwiQo  rotatory 
power  is  given  wnnowhal  differently  by  various  investigator.  A. 
sulotiou  of  gWeugeii,  eti])eci:illy  on  the  addition  of  NaCI,  ia  colored 
wine-red  by  iodine.  U  may  hold  copper  oxyhydrate  in  solution  in 
alkaline  liquids,  but  does  not  reduce  it.  A  eolation  of  glycogen 
in  water   is  not   precipitated   by  potaBsium-mercaric   ioilide  and 


<  Zeiuebr   f.  Binloglo,  fid.  35,  8.  187.  ConUina  »  sammikryof  the  lltentore. 

■  Ibiit.  Bd.  27.  S.  £14. 

*  PflOgMv'*  Arrb.,  B<l,  24,  8.  t-I14.  Thw  imporlAnt  ultcta  contains  Domvr- 
oaadnUlo  regard  to  the  liwniture  of  the  (flyooRVQ  qaestion. 

^PflO^rB  Arcli..  B<].  34,  and  "  Beitrt.^  <ur  Kenatnlsa  dM  OlTko(;ttOft." 
C  Lndwlg's  PeatMlirift    Marburg.  1(491. 

^Zoitacbr.  (.  phyalal.  Ciitaa..  Bd.  18,  S.  187. 


hydrochloric  acid,  bat  is  precijiitaLed  by  alcoho]  (oil  the  addition  of 
NiiCl  whou  nooosatuy)  or  ammoniacal  leud  ucelat«.  It  gives  a 
white  gmiiular  precipitate  of  boQzoyI  glycogou  with  boiizoyl  chlo- 
ridB  and  cuustic  Boda.  Glycogou  is  not  decomposed  on  prolonged 
boiling  wicli  dilute  caustic  potaah,  bot  it  Beems  to  bo  changed 
slightly  (ViKTsciHiAi'  and  Diktl'),  IJy  dioatatic  eiizyniea  glyco- 
gen is  conrerted  into  maltooo  or  dextrose,  depending  npon  Uie 
natnro  of  the  onzymc.  It  is  transformed  into  dextrose  by  dUate 
mineral  acids. 

The  preparation  of  pare  glycogen  (aimplest  from  the  liver)  )• 
generally  performed  by  the  metliod  suggested  by  Ukt'CKE,  of  which 
the  main  points  are  the  following:  Iininediately  after  the  death  of 
the  animal  the  liver  is  thrown  into  boiling  water,  then  finely  divided 
and  boiled  several  times  with  frosh  water.  The  filtered  eitmct  is 
now  sufficiently  concentrated,  allowe*l  to  cool,  and  the  proteids 
removed  by  aiternntely  atlding  potnssinm -mercuric  iodide  and 
hydroohloriu  auid.  The  glycogen  is  precipitated  from  the  tilterod 
liquid  by  the  addition  of  alcohol  untU  the  liquid  coutaina  00  vols, 
per  cent.  The  glycogen  in  tirst  waBlie<i  on  tlie  iilier  with  60%  and 
then  with  t>iVt  alcohol,  then  treated  with  ether  and  dried  over  suU 
phnrir  iicid.  U  is  always  conUtmlnated  with  mineral  AiibstanocR. 
To  bo  able  to  extract  the  glycogen  from  the  liver  or  especially  from 
mtidcles  and  other  tissutjis  completely,  wliicb  is  essuritiul  in  a  quan- 
titative  estimation,  these  parts  must  first  be  boiled  for  h  few  honr8 
will)  a  dilute  gnliicion  of  caustin  potash,  aay  4  gms.  KOH  to  100 
gma.  lirer  and  400  c.c.  water  (KOi,?,). 

Proteid-frce  glycogen  may  be  prepared  according  to  the  method 
suggested  by  HriziKGA,*  in  which  the  liver  titwue  in  extriicted  with 
a  mixture  of  efjUid  voliniiea  of  a  saturated  meronric-chloride  solution 
and  E8itA«:]i''M  reageut  (10  gm.  picrie  acid  and  20  gms.  citric  aoid 
in  a  liter).  The  glycogen  is  precipitated  by  alcohol  and  treated 
with  alcohol  and  etlier. 

The  (|tmu titative  estimation  is  best  performed  according  to  the 
described  method  of  BrCckb-KClz.'  It  is  to  bo  obsenred  that  it  is 
DeDCSsory  to  heat  the  liver  for  i~3  honrti  and  muscle  A~S  hours  with 
caustic-iiotaRh  solution.  This  liqnid  most  not  be  concnntrated  too 
for,  and  must  not  contain  more  than  'i<6  caustic  potash.  It  h 
neutralized  by  hydrochloric  acid  and  precipitated  by  the  alternate 
addition  of  pota»3inm<mercnric  iodide  and  liydrm;bloric  acid.  The 
precipitate  must  be  removed  from  the  filter  at  lea^t  four  times,  sns- 
ponded  in  water  with  the  addition  of  a  few  drops  IIOI  and  potas- 
sium-mercuric iodide,  and  refiltered  so  that  all  the  glycogen   is 

»  PflUgnr's  ArcU..  Bd.  18.  S.  358. 

•  PlingCT's  Areli.,  Bd.  61. 

•6m  K.  KqIb.  Zfliuchr.  f.  Dloloslv,  Bd.  2S,  S.  181. 
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obtained  in  the  filtnitca.  Tlieeo  are  then  procipitatod  with  donble 
their  rnliime  uf  alcuhol,  flttered  after  12  }iourH,  Uie  iireiMpitate 
dissolved  in  a  little  warm  wiiter,  treated  on  cooling  with  IK'I  and 
patu^ium-morcuric  iodide,  tittered,  and  the  flltrute  again  precipi- 
i;ite<l  with  .tlcoliol.  Filter  and  carefuHf  wash  the  cuiiteots  of  the 
IJltur  with  alcohol  uiid  other,  drr,  weigh,  and  iuciuer&to  to  det«r- 
niiiic  the  quantity  of  ash  present. 

It  soniotimca  happoiiH  that  tho  liqnid,  after  complete  precipita- 
tion of  the  proteidft  with  IK'I  luid  iiotassiiiin'inerciiric  iodide,  is 
cloudy  and  doM  not  filter  clear.  In  thia  case  add  %-i\  toIb,  95* 
alcohol  According  to  l*Fr.CaER''i;'  suggestion.  SiUsv  the  liqnid 
becomes  clear  and  the  preci^titate  lias  settled  it  can  be  filtered. 
Thu  precipitate  is  dissolved  :n  a  'Iji  cauHtiu-pouish  holution  and 
iigiiin  precipitated  hy  hydrochloric  acid  and  potjiesium-niercnric 
iodide.     Then  procoed  M  above  descrilied. 

1'he  new  method  as  anggested  by  Fravkkl,*  in  which  the 
glycogen  i«  extracted  from  the  tiwues  by  a  :t-4jf  water  solution  of 
trichloracetic  acid,  seenu  not  to  bo  reliable,  according  to  WbiiiBN* 

BAlll.' 

Xunierons  iut'eetigatorshaTcendeaTored  to  determine  the  origin 
of  glycogen  in  the  animal  body.  It  is  poHitirely  estahlished  by  the 
UDaninioua  observationA  of  ntany  inveatig>itor»  *  that  the  rarietieti  of 
»ugnr»  and  their  anhydrides,  dtxirins  and  atarchfs,  have  the  proi>- 
erty  of  increasing  the  quantity  of  glycogen  in  the  boily.  The  staie- 
menteare  somewhat  di;q>iited  in  regard  to  the  action  of  the  pentoses. 
Crbmek  *  found  that  various  pentoses  snch  an  rharainose,  xylose, 
and  arabinose  hiire  a  positive  influence  on  the  glyc<^n  formation 
in  rabbits  and  hens,  and  Salkowski*  obtained  the  same  result  on 
feeding  rabbits  and  a  hen  onarabinoM.  Frektzei/  fonnd,  on  the 
contrary,  no  glycogen  formation  on  feeding  xytoeo  to  a  rabbit  which 
Itad  previoimly  been  moirle  glycogen-fr«e  by  Ktrychnin  poisoning. 

The  hoxoseii,  and  the  carbohydrates  derived  therefrom,  du  not 
all  iwaKOtt  the  ability  of  forming  or  accnniuluttng  glycogen  to  the 
same  extent.     Tliu&  C.  Voit'  and   hiB  pupiU  Lave   shown   that 

'  pgQu«r's  Arch  ,  B<I<I.  68  and  EA. 
'Ibid..  B.M.  Mwii]  55. 

*  In  referencv  to  ttie  literature  oo  tliJs  sabjvct  sw  E.  EHU.  PflQgvr'a  Areh., 
M.  34.  mA  LH(lwigKe«t«cliHft.  1691  ;  Wolffbei^r.  Zelmebr.  t  Biolo^e.  Bd.  12. 

and  C.  Vail,  ibut .  Ud.  S8.  H.  245. 

•  Zflitaclir,  f.  Biolrigin,  Bel.  29. 

KTBDitwIbl.  f.  <I.  lucd.  WiHMinsch.,  189?,  No.  11. 
^  PlnCOT'8  Arcli.,  B4I.  M. 
■Zaltaelir.  f.  Biulotriti.  Bd.  28. 
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dextraBO  liRS  a  more  powerfnl  action  than  cane*fiiigar,  while  niilk- 
sngar  acta  disproportionately  less  (iti  rabbiU  aod  hciu)  tbau  dex- 
trose. Ifevulose,  cune-stigar,  and  maltose.  The  {oUowin^  Babitauccs 
when  iutroduced  into  the  body  ulso  increase  the  quantity  of  glyoog«D 
in  the  liver:  glifcerin^  gelaihi,  arbutin^  and  also,  according  to  the 
investigations  of  Kfi.z,'  erjfthrit,  qvercit,  dulcit,  nutnmt,  inosit, 
aliyl  and  crotyl  alcohols,  glucuronic  anhydride,  taechtwte  aeidy 
mttcic  acid,  aodium  (nrlrale,  saccharin,  isoaaccharin,  and  urea. 
Ammonium  carbonate,  gtycocotl,  and  asparagin  may  also,  acoording 
to  RotiMANN,'  canee  an  increase  in  the  anioant  of  glycogen  in  the 
lirer.  According  to  Xerblthau  *  other  titnnioninm  salts  and  cer- 
tain ainitlos,  also  certain  narcoticti,  hypnotics,  and  unfipyreticif 
produce  an  increase  iu  the  glycogen  of  the  liver.  This  action  of 
the  antipyretics  (specially  antipyrin)  had,  been  ehowQ  by  Lepihe 

and  FOKTERBT.* 

The  fats,  iiotwitlietaruling  theaboTe-mentioiied  action  of  glycer 
in,  have  no  action  on  tlie  (|iiuutity  of  glycogen  in  the  liver,  ncooni') 
ing  to  the  t<tatenieiit»  uf  uiui^t  iufestigators.  Tlio  views  in  regar 
to  the  ac;tion  of  pn^tuiili^  liuve  heou  very  contradictory  in  the  jwst. 
It  in  undoubtedly  iM^ttled  from  many  ubt^ervatiuns  that  the  proceids 
utso  increase  the  liver  glycogen.  .Vinongst  these  oliservations  vre 
must  include  certain  feeding  eiperiineuts  with  boiled  beef 
(Naunyn)  or  blood  fibrin  (v.  Mr-Hisfi),  and  especially  the  Tery 
carefal  experiments  made  by  K.  Ki*r,/.  *  on  lien^  with  pure  protaids 
such  as  c:i«ein,  serulbimiin,  ami  ovalliiimin.  Wot.CFiiEKn  *  has  also 
shown  that  a  mure  abimrlant  acc.iiniulution  uf  glycogen  iaikea  place 
after  feeding  wilii  prniriilti  and  curbohydrutes  in  proper  proportiona 
than  with  carlioliydratc  food  witli  nnly  a  little  proteid. 

MiritA  '  has  made  uxperlmonta  to  demonstrate  the  nMe  of  the 
inalin  as  a  glycogen -former  in  Rtarving  nibbita.  In  certain  caaes 
the  quantity  of  glycogen  was  ineroasod,  in  others,  on  the  contrary, 
not  affected.  The  inconstancy  of  the  result);  of  those  testa  may  be 
dependent  upon  the  fact  that  the  iauliu  iutrodacod  vaa  only  partly 

*  K.  KQlE.  Ludwig's  FestMhrift,  1891. 

*  PflDgef*9  Arcl.,  Bd.  39. 
>Z«iUfthT.  f.  Rioln^tr,  BiL  98,  B.  t3S. 
•Comp.  r-nd..  Tonie  lOfi,  |>.  1023. 

*Cit.  Luclwig'sPvittscliriti.     'Die  cHnnplete  Uteralare  In  regard  to  tbr  gly- 
eogvD  fnnuuuon  from  protvids  Trill  be  futiad  boru. 

*  ZoiLHchr.  r.  Biolo^rie..  Bd.  IC.  S  S6«, 
^Itnd..  Od.  a* 
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or  only  slowly  trani>fDrined  into  ln>viilose,  atiJ  honco  the  absorbeii 
sugar  coulil  not  always  catiso  nu  ucctitn illation  of  the  glycogen. 
Mit'BA  also  mentions  tlio  results  <it  tlie  older  cxperimcutg  aud  also 
girea  the  older  literature. 

If  we  raise  the  qncstion  as  to  the  action  of  the  vnrionK  iKtdic^  Jo 
the  accamnlation  of  glycogen  in  the  liver  we  mnst  call  to  tniml  that 
a  reformation  of  glycogen  takes  place  in  this  organ,  and  nlao  a  con- 
samption  of  the  same.'  An  ikcciimiiltition  of  glycogen  may  be 
cmnscd  by  an  increased  fomiRtion  of  glycogen,  bnt  also  by  a  dimin- 
iahed  consumption,  or  by  both. 

We  do  not  known  how  all  the  above-mentioned  varioag  bodies 
act  in  this  regard.  Certain  of  them  probably  have  a  retarding  action 
on  the  traiisfomiatiinn  of  glycogen  in  the  liver,  while  others  perbApa 
are  mora  combustible  and  in  this  way  protect  the  glytrogen.  Some 
probably  excite  the  liver-cells  to  a  more  active  gtycogon  formaiiou, 
rbile  others  yield  matertnl  from  which  the  glycogen  n  fnrnit.>«l  and 

glyrogtH'formers  in  the  trne  sense  of  the  word.  The  kiiowledjfe 
of  these  last-mentioned  bodies  is  of  the  grentest  importance  tii  (he 
qnwT.ion  as  to  the  origin  of  glycogen  in  the  animal  bcdy,  and  tbe 
chief  interest  attaches  itself  to  tlie  qneation,  to  wb.it  eitent  are  tho 
two  chief  gronpa  of  food,  the  proteids  and  carbohydrates,  glycogen- 
ftirmon  y 

The  great  importance  of  the  carbohydrates  in  the  formation  of 
giyuogen  has  given  rise  to  tlie  opinion  that  the  glycogen  in  tlio  liver  is 
prvduced  from  other  carbohydrates  (gincose)  byasynthesis  in  which 
water  Mparates  with  the  formation  of  an  anhydride  (IiC<^llsrKi>iiK 
and  others).  This  theory  {anhydride  theory)  ha8  found  opponents 
because  it  neither  explain)*  the  formation  of  glycogen  from  ^iicli 
bcpdiee  as  proteids,  carbohydrates,  gelatin,  and  othei-s,  nor  the  cir> 
camstancD  that  the  glycogen  is  always  the  same  indcpcudeut  of 
Uie  pro|)crties  of  the  carbohydrate  introduced,  whether  it  ia  doxtro- 
or  liero-gyrato.  It  is  therefore  the  opinion  of  many  investigators 
that  all  glycogen  is  formed  from  proteid.  and  that  this  splits  into 
two  purts,  one  containing  nitrogen  and  the  other  free  from  nitrogen : 
the  latLer  is  the  glycogen.  According  to  these  views,  the  oarbo- 
faydnttea  act  only  in  that  they  spare  the  proteJd  and  the  glycogen 
produced  therefrom  {sparing  theory  of  Weiss,  WOLFPiiKse,  uud 
others' }. 

Soc  Wolffburir,  I.  c. 
*  See  WolfFlwrg.  L  c.  in  regard  lo  tboH  two  tbtioiHB, 
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III  opposition  ti>  thiB  view  E.  VniT,'  by  feedins;  pxperimentf  witli 
riop,  which  is  pooriti  nitrogen,  ami  ('.  Voit'  imd  his  pnpiU.  bTt*st» 
^ith  dcxtrofie,  livvnloae,  miLltose,  and  cane-mj^or,  hare  shnvn  thtt 
the  r|nantity  of  fflycojjen  KUire<l  np  in  the  hody,  after  jwrUking  of 
large  amounts  of  ciirl>ohydrAtefi,  is  sometimes  ko  Inrfje  that  it  caonot 
be  covered  by  the  proteida  decomposed  dnrin^  the  same  time.  In 
these  CAMS  we  must  admit  of  glycogen  formation  from  sngam.  The 
investii^ationR  of  C.  Voir  ahow  that  dextrose  directly  or  bemlow 
either  directly  or  after  prerionx  conTeroion  into  dextrose  pottMa  into 
glycojjcn  in  the  liver.  >[aUoao  and  cane-augar  mnitt  first  probably 
be  tran^iformed  into  doxCroac  or  in  vert-sugar  in  the  intestinal  tract. 
MilL-ongar  and  galactose  seem,  according  to  Rausch  and  Sociir,' 
jUtlioagh  conimry  to  the  observations  of  VoiT,  to  fonn  glycogen 
directly  if  tfie  ab»or]>tion  in  tlie  iuCextine  is  sullicieutly  abandiuit. 

There  is  no  doubt  that  feeding  with  pure  proteids  leads  to  au 
accamnliitiou  of  glycogen,  and  nt  the  present  time  we  muet  admit 
that  glycogen  can  be  formed  from  proteids  as  well  as  from  carbo- 
hydrates. 

The  manner  in  wln'ch  glycogen  is  formed  from  proteids  is  not 
known.  The  riew  held  by  certain  investigators  that  carbohydrates 
ttplit  off  directly  from  the  gonnine  proteide  has  not  snfticient  basis, 
und  therefore  the  glycogen  fonnatiou  is  often  expiuiued  acconliug 
to  t'i'LiJGEU,*  by  a  syntbesis  from  the  proteids  after  a  complex 
cleavage. 

Like  the  carlwh yd  rates  in  general,  bo  has  glycogen  without  any 
doabt  A  great  irttportance  in  the  formation  of  heat  and  development 
of  energy  in  the  animal  body.  The  possibility  of  the  formation  of 
fat  Iron)  glycogen  must  not  lie  denied.  Glycogen  is  generally  cou- 
sideroJ  wj  accnniulateii  reserve  food  in  the  liver  and  formed  in  tiie 
liver-celk.  Whora  does  the  glycogen  existing  in  the  other  organs, 
snch  m  the  muscles,  originute  'i  Is  the  glycogen  of  the  muscles 
formed  on  the  spot  or  is  it  trauBmitted  to  the  mnscleii  by  the  blood  ? 
These  (juostioiis  cannot  yet  be  answered  with  pofli^veness,  and  the 
investigatious  on  this  subject  by  dilTerent  experimenters*  have 
giroD  contradictory  results.     The  later  experimentii  of  KClz,*  in 

■  SMtBehr.  r.  Biologic.  BU.  25.  S.  543. 
*tbid..  Bd.  Sa 

■  Atcb.  r.  oxp.  E>ath.  a.  Pbarm.,  Bd.  81. 
*FflQg«r'>i  Arcb.,  Bd.  48. 

>  See  MinkowBki  and  Lkt^-,  Areh.  f.  ezp.  Pallx.  a.  Pbum.,  Bd.  88. 
•  ZaitMltr.  f.  Binlogl«,  Ud.  27. 
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which  he  stadJed  the  glycogen  formation  by  pacing  blood  contaia* 
iog  cuiie-siigar  tlirongh  the  maHcle,  has  led  to  dd  conclusiro  results. 

If  we  coimder  that  the  blood  and  lymph  contain  u  dia^tatlc 
enzyme  which  tratisforma  glycogen  into  dextrose,  and  also  that  the 
glycogen  regularly  ncciira  in  the  form -elements  and  la  not  dissolved  in 
the  flnids,  it  seems  probable  thiitthe  glycogen  is  not  transmitted  by 
the  blood  to  the  organs  in  aolntion,  but  perhaps  more  likely,  if  the 
lenoocytes  do  not  act  as  carriers^  is  formed  on  the  spot  from  the 
dextrose.  The  glycogen  formation  seems  to  l>e  a  general  function 
of  the  cells.  In  adtilte  the  liver,  which  is  very  rich  in  cells,  has  the 
proi)erty.  on  aoconnt  of  its  anatominil  [losition,  of  tmimforming 
large  Qnantities  of  dextrose  into  glycogen. 

The  i^nestion  notr  arlKfl  whether  there  is  any  foundation  for  the 
statement  that  the  liver  glycogen  is  tranflformed  into  dextrose. 

A.<t  first  shown  by  nKit\.i  fid  and  repeated  by  many  investigators, 
the  glycogen  in  a  dewl  liver  is  grmlnally  changed  into  dextrose,  and 
this  Bngar  formation  is  caneed,  as  ItRESAitn  anppoewl  and  Aktiil'8 
and  ncBKlt'  propwi,  by  a  <lia3tati(;  enxynie.  This  post- mortem 
sugar  formation  led  I^rknahii  to  the  asAomption  of  the  formation 
of  sngar  from  glyi;ogen  in  the  liver  dnrlnglife.  IiKRN,iRf)'  sug- 
gested the  following  argumeute  for  this  theory:  The  liver  always 
coiitaius  some  sugar  under  physioloRical  conditions,  and  the  Wood 
from  the  hepatic  vein  is  always  somewhat  richer  \\\  sugar  than  the 
blood  from  the  portal  vein.  The  correctness  of  either  or  both  of 
these  Btatementa  has  been  disputed  by  many  inveutigatore.  Pavt, 
ItiTTER,  ScHiFF,  Ect-KNiiBno,  LrssAN'A.  Abri.es,  and  others  deny 
the  occurrence  of  dextrose  jn  the  lirer  during  life,  and  also  the 
greater  amount  of  dextrose  in  the  blond  from  the  hepatic  vein  is 
diachiimed  by  them  and  certain  other  inve«ttgatore.  A  few  inves- 
tigators chum  that  a  greikter  amoant  of  sugar  may  occnr  iu  the 
hepatic  vein  under  certain  ctrcumstance»,  and  they  consider  in  theiie 
CMOS  that  it  it  caused  by  the  operation. 

The  doctrine  as  to  the  physiological  formation  of  sugar  In  the 
liver  has  obtained  an  energetic  advocate  in  iSEEOEN.'  lie  main- 
tains, after  numeroas  experiments,  that  the  liver  regularly  contains 


'  Arch.  d«  phjAiol.,  <S)  Toms  4. 

*  Id  regard  U»  lb«  liiuTntuK  ua  aiLj>ar  formftMon  in  tho  liver  mo  B«<mArd, 
La^OBSBOr  ledi«Mt«.  PariH,  18T7.  Kni^n.  DieZuckifrbililuuf;  im  Thi«rkOri)«r. 
Berlin,  IflOO.     M.  Bial.  PflagorV  Areii..  JW.  .'16.  S  454. 

■  Sea  SoBgoa,  Dt«  ZuckerbilduoG  im  TLierkQrper.    B«rUii.  1800. 
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considerable  amoauts  of  sagar.  He  lias  observed  an  increase  of  3^ 
in  the  quantity  of  dextrose  iu  the  liver  of  a  dog  kept  alive  by  pass- 
ing arterial  blood  throagh  the  organ,  and  lastly  he  has  also  fonnd  in 
a  very  great  number  of  experiments  on  dogfr  that  the  blood  from 
the  hepatic  vein  always  contains  more — even  doable  as  much — sngar 
tlian  the  blood  from  the  portal  vein. 

Althongh  Seegen  energotieally  Mpooses  the  doctrine  of  Bbb- 
>'ARD  us  to  the  vital  sugar  formation  in  the  liver,  still  it  deviates 
esBentiolIy  from  Bbrxard  in  that  he  claims  the  dextrose  is  not 
derived  from  the  glycogen.  According  to  Seegen  the  sngar  ib 
formed  from  peptones  and  fat.  The  ol^ervations  on  vhicU  he 
bases  this  view  seem  hardly  to  be  correct,'  according  to  the  control 
experiments  made  by  many  investigators.  The  statement  of 
Lepine*  as  to  the  occurrence  of  an  enzyme  in  the  blood  vrhich  has 
the  property  of  transforming  peptone  into  sngar  could  not  be  sub- 
stantiated by  BiAL. 

The  circumstance  that  the  blood-sugar  rapidly  sinks  to  i-}  of 
its  original  quantity,  or  even  disappears  when  the  liver  is  cat  out  of 
tlie  circulation,  speaks  for  a  vital  formation  of  sugar  in  the  liver 
(Seegen,  Bock,  and  IIoffmann  ").  In  geese  whose  livers  were 
removed  from  the  circulation  Minkowski'  found  no  sugar  in  the 
blood  after  a  few  hours.  We  will  aldo  learn  shortly  of  certain 
poisons  and  operative  changes  which  may  cause  an  abundant  elimi- 
nation of  sugar,  but  only  when  the  liver  contains  glycogen.  If  W6 
reciiU  the  fiict  shown  by  Roiimann  anJ  Hial*  that  the  lymph  as 
well  as  the  blood  contains  a  diiistatic  euzyme,  then  several  reasons 
Bpeiik  for  the  view  of  Heunard  that  the  post-mortem  formation  of 
sugar  from  the  glycogen  in  tlie  liver  is  a  coutinuation  of  the  vital 
process.  Although  it  is  unanimous  that  the  post-mortem  sugar 
formiitioti  is  produced  by  a  diaetatio  enzyme,  still  several  investiga- 
tors, such  as  Dasthe  and  Noei--Paton,'  are  of  the  view  that  sngar 
formation  is  not  cuuaed  iu  life  by  an  enzyme,  but  by  a  vital  process 
of  the  cell  protoplasm. 

'  A  compilfttion  of  these  control  experiments  may  be  found  in  Bial,  PflQ- 
ger's  Arch..  Bd.  .'j.i. 

'  t'oinpt.  rend.,  Tome  115  and  116. 
'  See  8eogen,  1.  c.  jip.  18:i-184. 

*  ArcL.  f.  psp.  Patli.  ii.  PLarm.,  Bd.  21. 

•  See  pp.  134  and  181.  tliis  book. 

'  See  Noel-Puton.  On  Hepatic  Glycogeneais.  Phil.  Trane,  of  the  Roy. 
Soc.  LondoL,  vol.  185,  B.  1894. 
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The  relationship  of  the  sugar  eliminstod  in  tho  nrine  nudor 
certain  conditiouB,  sucli  us  in  diiibetoB  tuollita^  certain  intoxications, 
lesions  of  tlie  nervous  eysteni,  etc.,  to  the  glycogen  of  tlie  liver  is 
also  an  important  qnestton. 

It  does  not  enter  into  the  plan  and  eeope  of  this  book  to  enter 

into   detail   into   the   variona  views  in  regani  to  glycosuria  nnd 

diabetes.     The  apfwarance  of  ttextroae  in  the  arine  is  a  symptom 

vhioh  nmy  liitre  e»wuntiHny  dIfTeront  ranse^^,  depending  n|ion  dif- 

Iferent  circnmisuincei^.    Outy  a  few  of  the  most  im])orunt  jioints  will 

libe  mentioned. 

The  blood  contains  always  al)oiit  an  aven^ce  of  1.5  p.  m.,  while 

the  nrine  at  most  contains  only  tracts.     When  the  quantity  of 

Btigar  in  the  blood  rises  to  3  p.  m.  or  above,  then  Eugar  pataee  into 

.the  nrine.     The  kidneys  have  the  property  to  a  certain  extent  of 

Lprerenting  the  pussago  of  blood-Bngnr  into  the  nrine;  and  it  follows 

[iftvmi  this  that  an  elimination  of  angar  in  the  urine  may  be  caused 

[partly  by  a  reduction  or  suppression  of  tliiri  above- men tioncti  activity 

laud  |>artly  also  by  im  abuoruial  increase  of  the  qnautily  of  sngur  in 

the  Jjlood. 

The  first  seemn,  uoconliiig  to  Y.  Merinu  and  Minkiiwkri.  to 
be  the  case  in  phlnrhizin  '  diabetea.  v.  MERiN<i  \\t^  fninid  ihnt  a 
Strong  glyuosnriii  appears  in  man  and  animalu  on  the  adminiatralion 
of  the  glncoKide  phlorhizin,  and  tbut  the  quantity  of  sngar  in  the 
blood  is  not  iiioreiiMid,  but  Bomowhat  diminitthed.  In  this  foi-m  of 
diabetes  we  have,  according  to  Minkowski,  abnormal  jirocoeBee  in 
the  kiditeyK.  According  to  Levkni:'  phlorluziu  diniyotes  is  not 
pro^luciid  by  an  increased  olimiuution  of  sugar  by  the  kidneys,  bat 
more  likely  an  increased  formation  of  sngar  in  theae  organa.  Ho 
tonnd  gouemlly  more  migar  in  tbo  veiioua  blood  of  the  kidneys  than 
in  the  arteriul  blood,  and  ho  also  found  coueidendilr  more  dngar 
after  injection  of  pblorhizin  than  under  normal  coaditlons.  Ue 
agrees  with  the  olwervatinna  of  other  invoatigators  bucIi  m  I'u-vt  s- 
yiTZ,  Creukk,  and  Uittkk,  that  in  phlorliizin  diabetes  the  sugar 
is  forme^l  from  the  protein  aubsUiuces.    All  other  forms  of  glycu- 


>  In  ragun]  to  Lb«  Uterftlufc  nm  phltirhlsin  di«l>el(?a  wd  :  v.  Merinif,  ZHUclir. 
(.  kHu.  M«^.,  Bdd.  14  aiKl  19;  Minkowski,  Bct!.  klin.  WocliruMlir.,  1893. 
No.  S,  ud  Anil.  f.  exp.  PatU.  u.  Fhann.,  Bd.  31:  5(ortti  mnd  HnuKnlU, 
Zeltaelir.  f.  Biolo^o..  Bdd.  37  uhI  30:  Kais  ud  Wrigbt.  Oid..  Bd.  27.  S.  Idl; 
UwnMTMid  KlK«r.  iliift..  Bdd.  28  and  30. 

■  Journal  of  Pbyaiol.,  Vol,  IT. 
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soria  or  dial>etcs  dojwnd,  on  tlie  contrary,  ne  far  as  known,  to  aa 
increased  qaautity  of  sugar  in  tbo  blood,  namely,  a  ht/jterfflucamui. 

A  hyiicrgluCBDaiia  may  be  cuiitiod  in  rarioue  ways.  It  may  bo 
cauHod,  for  oxamplo,  by  the  introduction  of  mora  BUgar  than  the 
body  can  destroy. 

Tho  projiorty  of  the  aninml  body  to  oeHimilate  tho  different 
varietica  of  sngar  him  naturtiUy  n  limit.  If  too  mnch  sugar  is  intro- 
duced into  tho  intesttniil  tract  at  oiid  time,  bo  that  the  so-called 
assimilation  limit  {see  Chapter  XIX  on  absorption)  is  ovcrroachod, 
then  tho  oscoss  of  abaorbed  sugar  passes  into  the  nrioe.  This  form 
of  glyooBwria  is  called  alt'mentar}/  glycosuria,'  and  it  is  caused  by  the 
passage  of  more  sugar  into  the  blood  than  the  liver  and  other  orgniu 
can  destroy. 

As  the  liver  cannot  tmnsfom  all  the  sngar  into  glycogen  which 
ooines  to  it  in  alimentary  glycosuria,  it  is  possil}le  that  n  glycoHuria 
may  he  brought  about  by  the  activity  of  the  liver  to  tranaform  sngar 
into  glyoogen  being  changed  or  rednceii  by  disease.  It  ib  difficult 
to  state  in  how  far  such  a  glycosnria  occurs,  but  acconling  to 
Sbecbn  the  ligliter  forms  of  diabetes  are  produceil  in  this  way.  • 

We  ditlcreritiate  between  light  and  severe  forms  of  diabetes. 
In  the  first  the  urine  only  contains  sngar  when  carbohydrates  are 
taken  as  food,  while  iu  tho  other  case  the  urine  contains  sngar  eren 
with  food  entirely  free  from  carbohydrates.  Acr^ording  to  the  view 
of  ?^r;KOKN,'  in  light  forrns  of  iliabetett  the  liver  is  inca|iable  of 
transforming  all  tliu  carbohydrates  introduced  into  glycogen,  or  to 
Dtiliite  this  in  a  proper  waVi  and  the  activity  of  the  liver-e«lls  is  also 
reduced  or  changed  in  theae  cases.  'L'his  view  is  nevertheless  hardly 
based  on  sufficient  proof. 

A  hypergluofl'mta,  which  passes  into  a  glycoanria,  may  aJso  be 
brought  about  by  an  excessive  formation  of  sngar  from  the  glycogen 
within  tho  animal  body. 

Tho  so-calletl  piqttre,  and  also  probably  those  glycoanrias  which 
occur  after  other  lesions  of  the  nervous  systcni,  belong  to  tlie  altove 
group  of  glycosurias.  The  glycosuria  produced  on  poisoning  with 
carbon  monoxide,  curare,  strychnin,  morphin,  etc.,  also  belong 
to  this  group.  That  the  glycoanria  produced  in  these  case*  ia  due 
to  an  iucreosod  transformation  of  the  glycogen  follows  from  the 
fact  that  no  glycosuria  appears,  under  the  above-mentioned  ciroom* 

<  gee  M»Titx.  ATch.  f.  klin.  M>-(l..  ll'l.  ia,  1890. 
*  Dlti  Zucktitbilduni:,  etc.     Leciure  15. 
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Rt&noeB,  when  the  Hrer  hu  been  provionsly  made  free  from  glycogen 
by  stArvfttion  or  other  moans. ' 

A  hyperglncoiiiilu  with  glyco^nria  may  &Uo  be  caaaed  by  a  do- 
croMcd  uotivitj  of  the  animal  body  to  con^nme  or  destroy  tho  mgar. 
In  thU  cose  the  sngnr  mast  accumulate  in  the  blood,  and  tbeformn- 
tioD  of  diftbctca  mellitn*  is  now  generally  explained  by  thia  proccBS. 

The  inability  of  diabetica  to  destroy  or  consume  the  sngar  does 
not  Bcem  to  be  connected  with  any  tlecreaso  in  the  oxidation  energj* 
of  the  cells,  aa  both  Ttirieties  of  sagnr,  ilextrose  and  Isernlose,  both 
of  which  cau  he  oxidized  with  the  uame  readiness,  act  dllTerently  in 
the  body  of  dialKtics.  Ltevnlose  is,  according  to  KClz*  and  other 
inrestigators,  contrary  to  dextrose,  utilised  to  ii  great  extent  in  the 
organism,  and  may  even  cause  a  depijsit  of  glycogen  in  the  Hrer  in 
animals  with  pancTcas-diiibctcs  (MrsKowsKt ').  In  thia  diabetes 
the  ability  of  the  cells  to  utilize  the  dcxtroRO  is  diminished,  and  this 
dimiontion  of  ability  Beemn  to  be  in  some  way  dependent  upon  the 
pancreaa.  The  inrestigfttionn  of  Mixkowski,  v.  Mtmsn,  Domr- 
Nicis,  and  later  by  oLher  investigators*  have  shown  that  a  true 
diabetea  of  a  Bercro  kind  is  cansed  by  the  total  extirpation  of  the 
pancreas  of  many  animals,  especially  d'lgs.  As  in  man  in  severe 
forms  of  (liabeteti,  so  idao  in  dogtt  with  piincreaa-diAbeteK  an  ahnndunt 
elimination  of  sugar  takes  place  e^en  on  the  complete  exclnMon  of 
CArbobydrates  in  the  food,  and  the  formation  of  sugar  in  those  caaee 
is  derived  from  the  protein  tmb^tauecs.  It  seenu  in  man  with 
diabetes  that  the  ability  of  the  sngar  destrnetion  is  never  qniie 
arrwted;  in  dogs  with  pancreas- diabetes  JfiNKowsKi  arnl  v,  Mer- 
1X0,  aa  also  IIedon,*  hare  been  able.  In  a  few  ciiao^,  to  detect  that 
the  total  quantity  of  sngar  introduced  with  the  food  passed  into 
the  Dfino. 

■  See  Bock,  Pfln/;er's  Aieh.,  Bd.  A;  &>ck  ilckI  Tloffmano,  Ezpt.  StinIIen 
Ubfr  IXahet«8  (Berlin,  1874).  CI.  Benmnl.  Le^uDs  sur  la  dUMte  (Paris); 
T.  Araki.  X^iitwhr.  t.  phjiiiol.  Ch«m..  Bd.  15.  S.  851. 

•  B«IlrflKo  2i>r  Pitth.  uod  Th«r.  dci^  MabctM  tnellitns  Marbarg,  1074. 
'  ArcL.  r.  exp.  Path.  n.  Pb»nn.,  Bd.  81. 

•  8»e  Minkowitki,  rnt»?«if]jning»'n  illwr  TtinlmtPx  itivllitas  n*ch  ExBlirpa- 
thmdes  Pankr>Mji  (Leipzig,  X^Q'A).  nnd  tlio  cli spier  on  diabetes  in  t,  Nwjrdeii'K 
LArfnioh  dvr  Palli.  des  SiofTweclmeU  (Berlin.  1693).  whidi  cuiKaiuHa  very 
enptooslndei  oribeliwraliire.  In  regard  t'7  diabiieHSPpalsoC].  Bernard,  I.«poiis 
■ar  l«  dUMu  (Pans),  and  Seegen,  Die  Zaekerliiidung  Im  TblarkOrpor(IieiliD, 
1890y. 

•  Arch,  de  PhfaioL,  (S)  Tome  6. 
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Artificial  pancreas-tliabetee  inuj  also  in.  other  Teepeeta  present 
«xavtl_v  the  suiiiu  picture  as  diahetee  in  [nan;  and  \\&  in  the  past  w« 
Imve  always  looked  to  the  liver  for  the  cauao  of  iliaheuje,  our  atten- 
tion is  now  more  and  more  tiiUlod  to  the  jtancreu.  We  do  not 
know  in  what  rottpent  the  pannreaii  stiLnda  to  diabet(«.  Wc  will 
rofor  to  ibia  question  again  in  u  snhscqncnt  chapter  {Chapter  IX}. 

The  Bile  and  its  Formation. 

By  the  estahliehment  of  a  biliary  tistnla,  an  operation  which  was 
flret  performed  by  ScilWANif '  in  1844  and  which  liofi  been  improved 
lately  by  Dastbe,*  it  \a  posible  to  study  the  secretion  of  the  bile. 
This  eeoretio[i  is  coutinuunt;,  but  with  varying  intensity.  It  takes 
place  under  a  very  low  presstire;  therefore  an  apparently  uninipor- 
tjiiit  hindrance  in  the  uutllow  of  the  bile,  namely,  a  Htoppago  of 
uiucus  in  the  exit  or  the  secretion  of  large  (juantitioe  of  viscouB  bile, 
may  oauee  btagnation  and  al)(%orption  of  the  bile  by  means  of  tlie 
lymphatic  veesela  (absor))liQn  icterus). 

The  qriantity  of  bile  Bccreted  in  the  34  hours  In  clogs  can  Im 
exactly  deterniineil.  The  quantity  secreted  by  ditfereitt.  anirimls 
varies,  and  the  limits  ure  3.0-36.4  gm.  bile  per  kilo  of  weight  in  the 
21  hours." 

The  statements  nA  to  the  extent  of  bile  secretion  in  nnm  src  few 
and  not  to  be  iiepended  on.  Kankp.  '  found  (using  a  meihwl  which 
is  not  free  From  criticism)  a  seorelion  of  14  gm.  bile  with  0.44  gm. 
solids  per  kilo  in  24  hours.  Nop.i--I*atos  '  obser^eil  a  51-year-old 
woman  with  biliary  fistula  for  2.'!  days,  and  found  an  average  of  ()3S 
cc.  with  8.3?8  gm.  solids  in  24  hours.  MAro-RoBSO»,"  whose 
olwerrationR  on  n  woman  A'i  yeara  old  with  biliary  fistnla  extended 
over  15  months,  fotind  an  arorage  of  ft(»a  cc.  for  the  24  honra'  bile 
secretion.     The  Atrrnati'  found  (ioO  cc.  as  the  maximum  quantity 

■  Anil.  f.  AniLt.  nnd  niysiot,,  1644. 
»  AnJi.  At  Pby-iol,.  Toiuc  23 

■  Id  regard  to  Ihe  (ja«iitit,T  of  hilA  ft»ci*t«d  id  snimals  sm  Heidaahala.  IHa 
dsIlrnnlxu^nd'Tiin^  in  llDrmiuiirH  flamlbucli  der  I'Lvsiol.,  Bd.  5,  aiid  Stadel- 
UMiin,   Der  Ictorus  unfl  wloe  v«r«cbi(?dcijvu  Furiuvn  (Siult^rt,  IMl}. 

*  [>le  BliUTcrtliuiluog  uod  Our  TlttUi^kuitawectifiel  der  Oigaiw.  Leipslg-. 
1B71. 

'  Rep.  UK  Roj-  r«l!.  Phya  Efllnb,,  Vol.  8. 
«  Proc  lioy.  Soft.,  Vol.  47 

*  Nova  Acu  Reg.  8m.  Scieat.  tJpaala,  Sar.  8.  VoL  10,  1803. 
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in  a  man  and  950  cc.  in  a  woman.  Such  determinatJoiut  are  of 
doubtful  valne,  hecanso  in  most  cusoe  it  followtt  from  the  composition 
of  the  collected  bilo  tlmt  wc  uro  not  dealing  with  a  aeorotiou  of 
normal  liver-bile. 

The  qnantity  of  bile  secreted  is,  howovor,  as  spcciaUy  ahowTi  by 
Stadrlhaun,'  Bubject  to  such  great  variation  even  under  pliyaio- 
l(^ca1  conditions  that  the  stndy  of  these  ctrcnmsUuices  which  influ- 
«n6a  th«  Bccrc-tion  is  very  difticnlt  and  uncertain.  The  contradic- 
tory statements  by  different  investigatora  may  probably  be  exjilaincd 
by  this  fact. 

En  starvation  the  aecretioii  diniiniahca.  According  to  Li'K- 
Jxsvvr*  and  Aliiehtoni,'  ntidcr  tlioae  conditions  tbo  absolnte 
<in»ntit7  of  solids  decreases,  while  the  relative  qnantity  increases. 
After  partaking  of  food  the  Rccretioii  incrp-asas  again.  The  state- 
ments are  contradictory  in  regard  tn  the  time  neceftsary  after  jtar- 
luking  of  food  before  the  Becretion  reaches  its  maximnm.  After  a 
carefnl  examination  and  compilation  of  all  the  existing  statements 
Heidexiiain  '  has  come  to  the  concln.sion  that  in  dogs  the  curve  of 
rapidity  of  uecretion  showfi  two  maxima,  the  first  at  the  3d  to  6th 
hour,  and  the  second  at  the  l3tli  to  lAth  hoar,  after  partaking  of 
food. 

According  to  the  old«r  Ktatenients,  the  proteids,  of  all  the  differ- 
ent foods,  cause  the  greatest  secretion  of  bile,  while  tbe  carbohy- 
drates diminish,  or  at  least  excite  much  less  than  the  proteids. 

It  is  neTerthcloea  positive  that  an  incrf>ase  in  the  bile  secretion 
takes  place  after  a  continuous  over-abundant  moat  diet.  We  are  by 
no  means  agreed  as  to  the  action  of  the  fats.  While  many  older 
inrestigatorfl  have  not  observed  any  increase,  but  rather  the  reverse, 
in  the  secretion  of  bile  after  fee<3ing  with  fat»,  the  newer  oxpcri- 
nients  made  by  UoseNRERO  "ahow  that  the  fats  have  a  more  power- 
fal  exoiting  action  on  the  secretion  of  bile  than  the  other  foods, 
and  cfaat  olive-oil  is  a  utrong  cholagogue.  This  Htatement  seems, 
according  to  the  investigations  of  MAXDBLdTAMM,'  not  to  be  suflj- 
ciently  provon, 

■  Dsrletems, 

■Z«iucbr.  f.  phrsiol-Chsm.,  Bd.  16. 

*  B«cbcrcl)ca  sur  la  sficiiltun  biliaire.     Turin.  180S. 

*  Qermuia'a  H&ndb,,  Bd.  A,  and  Suul«linanb,  Der  IctRnia 
'  PflDgor".*  Arch..  B<1.  48. 

*  tTnljpr  d«o  EinSuBS  eiDi|{)T  ArRDnimilt*!  nuf  SeJcretioii  nod  Znaaramensvla- 
xmg  ilvr    Galla.  Diimert.  Durptt,  ItKHJ.     In  ragMtl  to  llioactuniof  varrooo  foods 
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The   question  whether   there   exist   special  medicinal   bodies- 
so-called  cholagogues,  which  have  a  Bpecific  exciting  action  on  tt»< 
secretion  of  bile  has  been  answered  in  very  different  ways.     Many 
especially  the  older  investigators,  hare  observed  an  increase  in  th-^ 
bile  secretion  after  the  use  of  certain  therapeutic  agents  sach 
calomel,  rhubarh,   jalap,  turpentine,   olive-oil,  sodium  salicylate  ^ 
etc.,  while  others,  especially  the  later  investigators,  have  arrived  atf: 
quite  opposite  results.     From  all  appearances  this  contradiction  i^ 
due  to  the  great  irregularity  of  the  normal  secretion,  which  may  b^ 
readily  mistaken  in  tests  with  therapeutic  agents. 

Sciiiff's'  view,  that  the  bile  absorbed  from  the  intestinal  canaL 
increases  the  secretion  of  bile  and  hence  acts  as  a  cholagogue,  seems 
to  be  a  positively  proven  fact  by  the  investigations  of  several  experi- 
menters.' 

The  bile  is  a  mixture  of  the  secretion  of  the  liver-cells  Mid  the 
so-called  mucus  which  is  secreted  by  the  glands  of  the  biliary 
passages  and  by  the  mucous  membrane  of  the  gall-bladder.  The 
secretion  of  the  liver,  which  is  generally  poorer  in  solids  than  the 
bile  from  the  gall-bladder,  is  thin  and  clear,  while  the  bile  collected 
in  the  gall-bladder  is  mare  ropy  and  viscous  on  account  of  the 
absorption  of  water  and  the  admixture  of  "  mucus,"  and  cloudy 
because  of  the  admixture  of  cells,  pigments,  and  the  like.  The 
specific  gravity  of  the  bile  from  the  gall-bladder  varies  considerably, 
being-in  man  between  l.OlOand  1.040.  Its  reaction  is  alkaline.  The 
color  changes  in  different  animals:  golden  yellow,  yellowish  brown, 
olive-brown,  brownish  green,  grass-green,  or  bluish  green.  Bil^ 
obtained  from  an  executed  person  immediately  after  death  is  golden 
yellow  or  yellow  with  a  shade  of  brown.  Still  cases  occur  in  which 
fresh  human  bile  has  a  green  color.  The  ordinary  post-mortem  bile 
hivs  a  variable  color.  The  bile  of  certain  animals  has  a  peculiar  ■ 
odor;  as  example,  ox-bile  has  an  odor  of  musk,  especially  on  warm- 
ing. The  taste  of  bile  is  also  different  in  different  animals.  Human 
as  well  as  ox  bile  has  a  bitter  taste  with  a  sweetisli  after-taste.    The 


on   tlic   secretion   of  bile  see  Ileidenliain   in  IleTniann's  Handbucli,  etc.,  uid 

MtndcliQaiin,  Der  Icterus. 

'  Pfllltiei's  Arcli..  U.i.  3. 

'  See  Stadiluiuiiii,  Der  Icterus,  and  the  dissertations  of  his  pupils,  namely, 
Winteler,  Expt.  Bftiritge  zur  Fraj^'e  des  Kreislnufea  der  Galleflnaag  IMss. 
l>()r|iat,  18'J2),  and  flf^rtner,  Expt.  IJettrago  zur  Pliysiol.  und  Path,  der  Oallen* 
aeltretiou"  (luaug.  Diss.  Jurjew,  1893). 
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"h^e  of  tlio  pig  and  rahhit  liiu  an  intense  pcnUtent  bitter  tasw.  On 
heating  hile  to  boiling  it  dn(w  not  coagulate.  It  oontatnn  (in  the 
ox)  only  tniccB  of  true  mnrin,  rniil  ils  ropr  properties  depend,  it 
e««ni8,  ohiedjr  on  the  preiwncc  of  n  nncleoalbiimin  similar  to  mncin 
(PjajKfi,!.').  The  Amion'haa,  on  ttie contrary,  fonnd  trne  mucin 
in  liaman  bile.  The  gpccific  conatitneiita  of  the  bile  are  bilf-m-idf 
combined  with  alkalien,  hUt^pi^nifnts,  and  henideti  iimAll  <]iiftntitieii 
«f  fecitMin,  choli»(trin,  toa/m.  iicufral  fut*,  urrtu  anil  mtnera!  »ub- 
tlaneet,  chiefly  oodinni  clilorido,  calninm,  and  magnesium  ]iho8- 
pbate,  and  iron.     Trac«B  of  copper  also  occur. 

Bile  Salts.  The  thnn-far  lM«t  fttndied  bile-Aoids  may  bc>  divided 
into  two  groupfi,  the  fflyrorhoHr  und  taurarhnUe  acid  gronps.  As 
fonnd  by  the  AmroK,*  a  third  gronp  of  bile-acids  occar  in  the  shark, 
and  probably  aUo  in  other  animala.  Tliey  are  rich  in  Hiilphnr,  and 
like  the  ethereal  sulphuric  aciiJ«  they  iplit  off  Bulphtiric  acid  on 
boiling  with  hydrochloric  acid.  Alt  glycocholic  aeids  contain 
nitrogen,  but  are  fr&e  from  itiilphnr  and  can  be  aplit  with  the  addi- 
tion of  waU-r  intr>  glvcocoll  (aniido-acetic  ftcid)  and  a  nitrogen-free 
acid,  eboliilic  acid.  ^Vll  tanrochoHc  iicids  contain  nitrogen  and 
ftulphnr  and  ar^  split,  with  the  addition  of  water,  into  tanrin 
(aniido-cthyUiiIphonic  acid)  and  cholalic  acid.  The  reason  of  the 
existence  of  different  glycocholic  and  tanrochoHc  acids  depends  on 
the  fact  that  there  are  itevural  cholaUc  avidti. 

Tbe  djflereut  ttile-acide  occur  in  the  bile  as  alkali  suite,  generally 

m  combiutttioii  with  todiuni,  but  iu  aea-lisbee  aa  ]K)taseiuui  tialte. 

Aji  the  bile  of  certain  animaU  we  tind  ainioal  solely  glycocholic  acid, 

in  others  only  lanrocholic  atud,  »nd  in  other  aniniais  a  mixtnre  of 

both  (see  below). 

All  alkiili  sifllt«  of  the  biliary  acids  are  soluble  in  water  and 
alcohol,  but  iniiolublo  in  ether.  Their  solution  in  alcohol  is  there- 
fore precipitittc"!  by  ether,  and  this  precipitjvte,  with  the  projwr 
can  in  manipnlation,  gives,  for  nearly  itlt  kinds  of  bile  tbas  far 
in Tosti gated,  rosetles  or  balls  of  fine  needles  or  -l-^i-sidcd  prisms 
(f-'LATrxKii'ii  crystjillized  bile).  Fi'eeb  hninnn  bile  also  crystallizas 
readily.  Thr>  bile-acids  an>l  their  salts  are  optically  active  and 
dextrorotatory.  The  former  are  dissolved  by  concentrated  siil- 
phorio  acid  at  the  ordinary  toniperatnre,  forming  a  reddish-yellow 


'  Zeibiohr  f.  pbjrHlol.  Cliotii..  Bd.  12. 

■  NoVft  Acun^-  •oo-  tclpm.    Upaalu,  S«r.  8.  Vol.  16. 

*  Invexli^lion  not  liuUtHbt^tl. 
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liquid  which  has  a  beaatifnl  green  fluorescence.  On  carefully 
-warming  with  concentrated  Biilphnric  acid  and  a  little  cane-sngar, 
the  bile-acids  give  a  beautiful  cherry-red  or  reddish -violet  liquid. 
Pettenkofer's  reaction  for  bile-acids  is  based  on  this  behavior. 

PETTKNKOFFEit's  test  foT  biU-ocids  is  performed  as  follows;  A 
small  quantity  of  bile  in  sabstance  is  dissolved  in  a  small  porcelain 
dish  in  concentrated  sulphuric  acid  and  warmed,  or  some  of  the 
liquid  containing  the  bile-acids  is  mixed  with  concentrated  snl- 
pliuric  acid,  taking  special  care  in  both  cases  tliat  the  temperature 
does  not  rise  higher  than  00-70°  C.  Then  a  10^  solution  of  cane- 
sugar  is  added,  drop  by  drop,  continnally  stirring  with  a  glass  rod. 
The  presence  of  bile  is  indicated  by  the  production  of  a  beautiful 
red  liquid,  whose  color  does  not  disappear  at  the  ordinary  tempera- 
tare,  but  becomes  more  bluish  violet  in  the  course  of  a  day.  This 
red  liquid  shows  a  spectrnm  witli  two  absorption -bands,  the  one  at 
F  and  the  other  between  D  and  E,  near  E. 

This  extremely  delicate  test  fails,  however,  when  the  solntion  is 
heated  too  high  or  if  an  improper  quantity — generally  too  much — 
t>f  the  sugar  is  added.  In  the  last-mentioned  case  the  sugar  easily 
carbonizes  and  the  test  becomes  brown  or  dark  brown.  The  reac- 
tion readily  fails  if  the  sulphuric  acid  contains  sulphurous  acid  or 
the  lower  oxides  of  nitrogen.  Many  other  substances,  such  as  pro- 
teids,  oleic  acid,  amyl  alcohol,  morphin,  and  others,  give  a  similar 
reaction,  and  therefore  in  doubtful  cases  the  spectroscopic  examina- 
tion of  the  red  solution  must  not  be  forgotten. 

pETTf:NKOFER's  test  for  the  bile-acids  depends  essentially  on  the 
fact  that  furfurol  is  formed  from  the  sugar  by  the  sulphuric  acid, 
and  this  body  can  therefore  be  substituted  for  the  sugar  in  this  test 
(Mylius).  According  to  Mylius'  and  v.  Udbanszky*  a  1  p.  m. 
solution  of  furfurol  should  be  nsed.  Dissolve  the  bile,  which  must 
first  be  purified  by  animal  charcoal,  in  alcohol.  To  each  c.  c.  of 
alcoholic  solntion  of  bile  ia  a  test-tube  add  1  drop  of  the  furfurol 
solution  and  1  c.  c.  cone,  sulphuric  acid,  and  cool  when  necessary 
so  tlint  the  test  docs  not  become  too  warm.  This  reaction,  when 
performed  as  described,  will  detect  iV" a'o  milligram  cholalic  acid 
(v.  Udranszky).  Other  modifications  of  Pbttenkofbb's  teet 
have  been  proposed. 

Olycocholic  Acid.     The  constitution  of  that  glycocholic  acid, 

'  Zeitsclir.  f.  physiol.  Chem..  Bd.  11,  S.  492. 
»iMd.,Bd.  13,  S.  370. 
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<K9carring  in  human  aud  ox  bile,  which  hiia  been  most  studied  is 
TCpreeeated  by  the  formalu  C\,I1^,K0,.  Glycccholic  xcid  is  n^MUt 
or  Dearly  so  in  the  bile  of  camivora.  On  boiling  with  acids  or 
«lkaliee  this  acid,  whicli  is  aimlogoud  to  bippiiric  acid,  \%  couvort«d 
into  cbolalic  acid  and  gtycocoll. 

Glycocholic  acid  cryaUUizee  in  fine,  colorlesji  needlea  or  prisms. 
It  i&  soluble  with  diiliciilt.v  iu  water  (iu  about  300  parLj  cold  and 
120  jMirta  boiliug  water),  and  is  easily  jireeipitated  (n»m  its  alkall- 
calt  solution  by  the  addition  of  dilate  mineml  acids.  It  is  readily 
soluble  iu  strong  alcohol,  but  with  ^r^aX  difficulty  in  ether.  The 
tiolQtious  have  k  bitter  but  at  the  same  time  sweetish  tiii*l«.  The 
«alts  of  the  alkalies  and  alkiiline  earths  are  soluble  in  alcohol  and 
TTBter.  The  salt*  of  the  heavy  metaU  are  mostly  iiuolnble  or 
«oLuble  with  ditlicnlty  in  water.  The  inolution  of  the  alkali  salts  in 
'water  i&  precipitated  by  sugar  of  lead,  uopper-oiide  and  ferric  galte, 
and  ailrcr  nitrate. 

The  preparation  of  pnre  glycocholic  acid  may  be  performed  in 

several  way*.     We  may  precipitate  the  bile,  which  has  been  freed 

Irom  BiucQS  by  niPHiia  of  alcohol  and  the  alcohol  removed  by  evap- 

onition,  by  a  solution  of  lead  acetate.     The  precipitate  is  then 

4]ccontpoeed  by  a  soda  solution  ami  Iicitt,  evajjomttnl  iu  <lrynewt,  and 

-the  residue  citnictod  witli  alrotiol,  which  di.'^soWpii  the  idkali  glyoo- 

choUte.     The  alcoliol  ir  dietilled  from  the  filtcrcii  Eolutiori  and  the 

reeidne  disaolred  in  water;  this  solution  is  now  decolorized  by 

animnl  charcoal,  and  the  glvcochoiic  acid  precipitated   from   the 

solution  by  the  addition  of  a  dilute  mineml  acid.     The  aoid  may  bo 

obtained  in  crystals  either  fn^mi  boiling  water,  on  crmling,  or  from 

■trong  alcohol  by  the  aHdition  of  ether.     The  reader  is  referred  to 

more  exhanetire  works  for  other  meihods  of  preparation. 

Hjo-gljcMM&olie  Add,  ruHoNOi,  in  llivcrjHUlUno  glyux-lxilir  iinid  i>tiUiin«d 
(Rrat  tbe  bil«  of  ili«<  fii^,  li  U  vorv  InKnluliltf  ill  w»|i?t.  Tlio  nlknll  hIis,  -rbo66 
»Iution«  barv  kd  iotenoe  bilter  Iahic  wIiLuut  hnj  swetriUb  sfcur  lui)t«,  are  pre- 
eifiitai«4l  l>y  TiiCli,  BkCI,.  &utl  M^CI,,  mid  jiiny  b«  Miltcil  uiit  \\\lk  a  softf  bjr 
Nt^SOt  whpn  added  in  suinrioDt  quantilj.  BcsldeH  ttiia  aciJ  t]iere  oocuni  to 
ihe  bile  "f  ibn  pip  Bilill  itij<il)ii-r  K'y«"''b"hc  add  (.Im.lN'j 

Tie  glyeochoUt*  in  llip  biU  of  tbn  rorimt  w  aUn  pm-tpitiitnii  by  ihe  above- 
jui;u(i'ji»?(i  oalls,  Itul  cannm,  Uke  iL«  correapoiidiD^  miU  iu  thv  biiiiittii  or  ox 
1nl«,  b«  prL-clpitJitvd  uu  saluTMTiiiK  witli  n  tieutml  kbIl  (Nii,:!0,).  Qbuio  Ub- 
wM  piiHfllbly  belonj^  to  tliu  ^lfcw;b<rlic-aci<l  fc^^up,  uiil  U  found  Id  Peruviao 
gaaoo  but  bnfl  tiol  been  tborongbly  Btndli^. 

Tanrocholic  Acid.     ThiH  acid,  which  is  fonnd  in   the  bile  of 
man,  c-arnivoru,  oxen  and  a  few  other  herbirora,  such  as  sheep  and 

■  ZoittKbr  f.  pbTdiul.  Cbom.,  Bdd.  13  and  13. 
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goats,  has  the  constitntion  C„H„NSO,.    On  boiling  with  acids  and 
alkalies  it  splits  into  cholalic  acid  and  tanrin. 

Tanrocholic  acid  may  be  obtained,  thongh  only  with  diflficnlty^ 
in  fine  needles  which  deliquesce  in  the  air  {Pabke').  It  is  very 
soluble  in  water,  and  can  hold  the  difficultly  soluble  glycocholic 
acid  in  solution.  This  is  the  reason  why  a  mixture  of  glycocholate 
with  a  sufficient  quantity  of  tanrocliolate,  which  often  occnrs  in 
ox-bile,  is  not  precipitated  by  a  dilute  acid.  Tanrocholic  acid  is 
readily  soluble  in  alcohol,  but  insoluble  in  ether.  Its  solutions  have 
a  bitter-sweet  taste.  Its  salts  are,  as  a  rule,  readily  soluble  in 
water,  and  the  solutions  of  the  alkali  salts  are  not  precipitated  by 
copper  snlphate,  silver  nitrate,  or  sagar  of  lead.  Basic  lead  acetate 
gives,  on  the  contrary,  a  precipitate  which  is  soluble  in  boiling 
alcohol. 

Tanrocholic  acid  is  best  prepared  from  decolorized,  crptallized 
dog-bile,  which  contains  only  tanrocholate.  The  solution  of  this 
bile  is  precipitated  by  basic  lead  acetate  and  ammonia,  and  the 
washed  precipitate  dissolved  in  boiling  alcohol.  The  filtrate  is  now 
treated  with  H,S,  and  this  filtrate  is  evaporated  at  a  gentle  heat  to 
a  small  volume,  and  treated  with  an  excess  of  water-free  ether. 
The  acid  sometimes  partially  crystallizes. 

Cheno-taaroohollo  Add.  This  is  tbe  moat  essential  acid  of  gooee-bile  and 
lia-s  tbe  formula  CitH4>NS0a.  Tliis  acid,  tliougli  little  studied,  is  amorplLOiiB 
and  soluble  in  water  aud  alcohol. 

As  repeatedly  mentioned  above,  the  two  bile-acids  split  on 
boiling  with  acids  or  alkalies  into  non-nitrogenoDS  cholalic  acid  and 
glycocoU  or  taurin.  Therefore  we  will  now  describe  the  products 
of  this  cleavage. 

Cholalic  Acid.  The  ordinary  cholalic  acid  obtained  as  a  decom- 
position product  of  human  and  ox  bile,  which  occurs  regularly  in 
the  contents  of  the  intestine  and  in  the  urine  in  icterus,  has,  accord- 
ing to  Streckeb'  and  nearly  all  recent  investigators,  the  constitn- 
tion C„ll,„Oj.  According  to  Mylils,'  cholalic  acid  is  a  monobasic 
alcohol-acid  with  a  secondary  and  two  primary  alcohol  groups.     Its 

f  CHOH 
formula  may  therefore  be  written  C  H  ,  ■<  (CH  Oil),.     On  ozid&- 

JCOOH 

'  Hoppe-Seylcr,  Med.  chem.  Untersnch.,  S.  160. 

'  The  important  investigations  of  Strecker  on  ibo  bile-acids  maj  be  foand  is 
Ann.  d,  Cliem.  n.  Pbarm.,  Bdd.  65,  67,  and  70. 

»  Ber.  d.  deuisch.  chem.  Gesellsch.,  Bd.  19,  pp.  36&-879  and  3000-8009. 
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tion  it  fint  yields  dehydror&oluUc  acid  (actiiok)*,  and  tliou  hiHanic 
acid  (Cleve).'  Tbe  formula;  of  tlicBe  acids  (when  we  take  L\,  for 
the  choliUic  acid)  are  C'^ll^O^  and  C„U„0,.  On  reducliuri  {iu 
pntrefaction)  cholalic  acid  may  yield  desoxt/cholalic  acid,  C'„11,,0, 
(Mtlics).' 

Cholalic  acid  crystallizes  jwirtly  with  one  molecnle  of  water,  in 
rhombic  platos  or  prisms,  and  jiartly  in  larger  rhombic  t43truhodra 
or  ootahedra  with  1  mol.  of  idcohol  of  oryBtallization  (Mylii's). 
These  crystals  become  quickly  opnqne  and  porcelain-white  in  the 
ttir.  They  are  qnite  inEoIiible  in  wiitor  (in  4000  parts  cold  and  750 
ports  boiling),  rather  Mliible  in  alcohol,  but  solnble  with  diflicnlty 
in  ether.  The  amorphous  cholalic  aoid  h  Irsa  insoluble.  The  solii- 
tioDS  hare  a  bitter-sweetish  taate.  The  crystals  lose  their  alcohol 
of  crystal limtion  only  after  a  lengthy  beating  to  lOO-r-iO"  C.  The 
acid  free  from  water  and  alcohol  nielta  at  -I-  195"  C*. 

The  alkali  salts  are  readily  soluble  in  water,  but  when  treated 
vich  a  concentrated  cHustio  or  carbonated  alkali  solntion  may  be 
separated  as  an  oily  niiiss  which  becomes  crystalline  on  cooling. 
The  alkali  ualte  are  not  reo^llly  soluble  iu  lUcohul,  And  on  the  evap* 
oration  of  tlie  ahniliol  they  may  cr^'atallize.  The  specific  rotatory 
power  of  the  sodinm  salt  iu  <«)  I)  =  +  31  °.4.  Tlie  watery  solution 
of  the  alkali  Hilta,  when  nut  too  dilate,  is  precipitated  immediately 
or  after  some  time  by  sugar  of  lead  or  by  barinui  chloride.  The 
berinm  salt  crystallizes  in  fine,  silky  needles,  anri  it  is  rather  insoln- 
ble  in  cold,  hnt  somewhat  easily  solnble  in  wtirm  water.  The 
bnrinm  sale,  as  well  as  the  lead  salt  which  is  insohiblo  In  water,  ia 
aolable  in  warm  alcohol. 

Cholalic  acid  is  beat  prepared  from  oi-bilo  by  the  following 
method  aa  saggefticd  by  Mvucs: '  Iloil  the  Itiht  for  34  hnnrii  with 
5  parts  iU  weight  of  a  ^Of  caustic-soda  solntion,  replacing  tfie  water 
lost  by  evaporation.  Now  sntarate  the  liqnid  witn  CO,  and  evap- 
orate nearly  to  dryness.  The  residue  ia  extracted  with  lifj;^  alcohol, 
and  this  alcohol icvextntct  (Hinted  witli  water  until  it  oontHim*  at  the 
mo«t  30?f  alcoliol.  and  coinplotely  precipitated  with  a  BaC'l,  aolu- 
tlon.  The  precipitate,  which  contjiiiis  besides  fatty  nrids  also  the 
choleic  acid,  is  filtered  and  the  cliolalic  acid  piecipitiit^d  fruni  the 
6ltr»te  by  hydrochloric  acid.  After  the  cliolaiic  acid  has  xriwiually 
cryitolliz'ed  oat  it  is  repeatedly  i-ecrystallized  from  alcohol  or 
nothy]  aloohol. 

_  '  Bet.  d-  <ieui«;li.  chom,  OpmjIUcL..  Bd.  U,  S.  Tl. 

•  Bull.  Sac.  fliim..  Tomi-  35.  »  L.  c. 

'Zeltaohr.  f.  nhrslol.  Chom..  Bd.  IS. 


Choleic  Acid  is  another  cholalio  acid  v'xih  the  fonnnla  C„H^O^ 
(Las8A»-<.'ohn '^  iiinued  by  Ij\TgcniNOFF.*  Tliie  acid,  wliicb  oc- 
oure  ill  vurying  but  ulwuys  Hinall  (lUtttititiBH  iu  ox-bile,  h  probablr 
identical  with  ileROxychoIalic  acid.     Choleic  acid  lirst  yields  dchtf- 


drofhokic  acid-t  C, 
oxidution. 


,H„0,,  and   thou    i-Molantc   arid,  0„H^O„  on 


Choleic  acid  may  b«  obtained  from  the  abore-meutioued  bariam 
precipitate  by  firiit  L'onvurting  tbu  barium  sultt;  iuto  sodium  mite  by 
Bodinni  carbouatc  and  then  fracrtionatly  precipitating  the  fatty  acida 
by  bariiini  acetate  and  aoparatinj;  the  choleic  iu:U\  from  the  filtrate 
by  hydrochloric  acid  and  recrystalltziog  several  timee  from  glacial 
acetic  acid. 

Fellio  Acid,  C„H,„0„  is  a  cholulioacid,  so  culled  by  Schottes,* 
and  which  be  nbtalned  from  Imman  bite,  along  with  the  ordinary 
acid.  Thia  acid  ia  crystalline,  la  ineolnble  in  water,  and  yields 
harinm  and  magnoaiom  salts  irhicb  are  very  inaotnblo.  It  dow  not 
give  pErrBNKUKBK's  reaction  easily  and  givea  a  more  reddiah^blno 
color. 

The  conjugate  acids  of  hnniaii  bile  have  not  been  iuTestigsted. 
To  alt  apituamriue  human  liili;  contains  under  dilTcrmit  circam- 
stances  various  conjagate  bile-acids.  In  Bome  casea  the  bilc-j«ltR  of 
hnman  bile  aro  precipitated  by  BaCI,,  and  in  othera  not.  Accord- 
ing to  the  latest  stat-cments  of  Lasbah-Cohn  '  three  cholalic  acids 
may  be  prepared  from  human  bile,  namely,  ordinary  cuoLiLio 

ACID,  CHOLEIO  ACID,  OOd  PBLLIU  ACID. 

The  hyo-glycocholic  and  cheno-tanrocholie  ocids  u  well  as  tho 
glycochoUo  acid  of  the  bilo  of  rodents  yield  corresponding  cholaUo 
aoida. 

On  boiling  with  acids,  on  pntrefaction  in  the  intestlnA,  or 
on  heating,  cholalic  acids  lose  water  and  are  converted  into  an 
anhydride,  the  scMialled  dyslyain.  The  dyslysin,  C,,H,,0,,  oorr^ 
s[K>nding  to  ordinary  cholalic  acid,  and  which  occttrs  in  f»cea,  t» 
amorphooa,  insohible  in  water  and  alkalies.  Choloidir  add, 
C„H„0„  is  called  tho  first  anhydride  or  an  intermediate  prodnct 
in  the  formation  of  dyslysin.  On  boiling  dyslysin  with  canatift 
alkali  it  is  recoHverted  into  the  correepondiug  cholalic  acid. 

■  ZfiuKht.  t.  phrBiol.  Chtm.,  Btl.  17,  s.  rwe. 

■  B«r.  d.  ilouUch.  chrm.  Ocsvllsch.,  Bdd.  18  and  SO. 
*/Wcr..  Hd.  II.  ii.  308. 
*  Bvr.  d.  deuMcli.  ebem.  (iv«cllMh..  Bd.  37,  S.  1339. 


QLYCOCOLL  Ayjt  TAVRSK. 


331 


^lycocoU.  C.n.NO,.  or  amido-aoctie  acid,  N'H..CU,.COOH, 
Uod  glyutii,  or  sa^ar  of  gelallo,  has  been  found  iu  the 
uf  pneien  irradians,  but  it  i&  of  epeciul  iuterc«t  as  a  dccom- 
positioii  product  of  ccrtaiu  protein  Eubstancee — gelatin  and  epougin 
— as  also  of  hippuric  acid  or  giyoocholic  aoid  on  splitting  tbem  by 
boiling  with  acids. 

(Jlycocoll  fonna  fiolorleaa,  often  largo,  Imrd  rhombic  crrstals  or 
four-eided  prismfi.  Tbo  crystola  taeto  Bwe«t  aud  dlBSolre  oosily  in 
cold  (4.^  ]mrts}  water.  They  are  iuaolnblo  In  aleobol  and  other;  in 
warm  spirit*  of  wine  they  dissolve,  but  with  difEoulty.  OiycocoU 
combinos  with  acids  and  baees.  Under  the  last- mentioned  combina- 
tioua  we  must  mention  thosu  vith  cojjper  and  silver.  (flycoooU 
disBolrea  cupper  hydroxide  in  alktiline  Uquitls,  but  does  not  reduce 
it  at  the  boiling  tcinpomture.  A  boilinj,''-hot  solution  of  glycoooU 
disBolvca  freshly  preeipitutcd  copjier  hydroxide,  forming  a  hiae 
liquid  from  which  dark-blue  needles  cryi^tallize  ou  cooling,  if  the 
liquid  u  suRicieutly  concent  fitted.  The  combination  of  glycocoU 
with  UCl  ia  soluble  in  wuter  and  alcohol. 

Olyoocoll  is  beet  prepared  from  hippuric  aoid  by  boiling  it  10-12 
bonr^  with  4  parta  of  dilute  fluljihunc  acid,  1  :  th  iVfter  cooling 
aepamte  the  beuzuic  acid,  coticentntte  the  liltraie,  retnuve  the 
renmiudcr  of  tlw  hcnKoic  acid  by  shaking  with  ether,  removo  the 
enlphnric  acid  by  llaCO,,  and  evapfirate  the  filtrate  to  crystallinft- 
tiou.  In  the  prejiaratiuii  urid  qimutitative  eiitimatioii  of  glycoooU 
from  trelfttin  wo  can  proceed  according  to  Gua'.nkhmann'b  '  moili- 
Hcatitin  of  V.n.  FiHrni'.R'^*  method.  The  geliitin  id  deoompnseil 
by  aulphnric  acid,  the  sulphuric  nnid  removed  by  lead  carhonate, 
the  glyeocoll  trarinformed  into  hippnric  acid  by  benzoyl  chloride 
and  caustic  soda.  Tim  solation  is  acidilied  with  sulphuric  acid, 
8itract«^l  with  acetic  ether,  aud  the  syrupy  recidue  of  awtic  ether 
diasolve:!  in  cliloroform  containing  Ijenisol.  The  precipitated  hip- 
paric  acitl  after  'ii  honrs  iii  collected  on  a  llltitr  and  first  washed 
witli  chloroform  containing  benzol  and  then  with  pure  chloroform. 

Taurio,  C,FI,N80,,  or  amiilo-ethylsnlphonio  acid,  NU  C\1I,. 
SO,ijM.  Tht!'  I'oily  is  well  known  aa  a  rt]>litting  product  of  tanro- 
cholic  acid,  and  nmy  occur  in  small  fguantities  in  the  couteiits  of 
the  intestine.  It  haa  alao  been  found  in  the  Iiuigs  and  kidneys  of 
oxen  and  in  the  liU^od  anil  niiisrles  of  tiold-bloo'led  animals. 

Tauriucryetallizes  in  colorless,  often  in  large,  shiniufc,  4-G-8idod 
prianie.     U  dissok«8  in  15-16  parts  of  water  at  ordinary  temjiera- 


PBllg:«r'»  Arcb..  Bd.  59. 
'ZeitacUr.  I.  |>b>iuol.  Llmiu.,  Bd 
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tureii,  but  ratlicr  more  oogily  ixi  warm  water.  It  is  iuttoluble  in 
abeolutti  alcohol  aud  vther;  in  oold  spirits  of  wine  11  diiisuhea 
slightly,  hat  moro  whcu  wurm.  Taarin  yields  acetic  and  sutpl)urou» 
acids,  but  no  alkali  tiulphidoa,  on  boiling  with  strong  caastiu  alkali. 
The  ftinount  of  sul]>h(ir  can  bo  detorininod  as  sulphuric  acid  after 
f[]i)iiig  witli  saltpetre  uml  gotla.  'J'aiirin  combinos  witli  iiteuUic 
oxidtis.  The  (ronihinatlon  with  mercuric  oxide  ia  white,  iuaoluble, 
and  ifl  formed  when  a  solutiun  of  uiiirin  iu  boiled  with  freslily  pre- 
cipitated mcirctiric  oxide  (.T.  liAsn').  This  comhitiatioti  may  be 
uKed  in  dettKitiug  the  presence  of  taurin.  TaQriu  is  not  precipitatud 
by  motallio  salts. 

The  ]>rc>p&mtiou  of  taurin  from  bile  is  very  simple.  The  bile  is 
boiled  a  few  hours  with  hyilnjtiiilnric  iiciil.  The  (Iltrate  from  tUo 
(iyalvBin  and  cboloidic  ncid  is  concontmted  well  in  the  water-bath, 
and  tiltomd  r»  hh  lo  remove  the  common  salt  and  other  mibstjinces 
which  have  »ic[iamted.  Then  eTupomic  to  dryness,  and  treat  the 
residiiQ  with  »lro[ig  alcohol,  wbicb  dissolves  the  hydrocblorate  of 
glycocoll,  while  the  tauriu  remuiiiij.  (The  alcoholic  eoluiion  of 
hydroctdorate  of  glycocoll  may  be  U3cd  in  tlie  prejiarbtion  of 
gtycocaU  by  evaporating  the  alcohol  iirul  dismlvirig  the  reeidue  In 
water,  doconipojiing  the  solution  witEi  liaid  hydroxide,  filtering,  and 
freeing  the  solution  from  lend  by  11,8,  and  strongly  concentrating 
this  liUrate.  The  crystals  whiuh  separate  are  disKoiveU  and  decolor- 
iswl  by  animal  charoool,  and  the  solution  cvnpomted  to  crystalliza- 
tion.) TheaboTe-obtaiiiud  residue  conhiining  the  taurin  is  diiwolved 
in  Its  little  water  oa  iKisBlbte,  fiUcred  warm,  and  treiitcd  with  an 
«xc<%s  of  alcohol.  The  crystalline  precipitate  which  immediatotf 
forriiA  is  tilt«red  as  soon  as  possible,  himI  the  taurin  now  8eparat«S, 
ou  coolitig,  in  very  loug  uwjilles  or  pristns.  These  crystals  may 
be  purifieU  by  rccry stall imtion  from  a  little  warm  water. 

Tiiough  the  taurin  »how8  no  positive  rcHctioua,  it  is  chiefly 
ideotiUud  by  ltd  crvtttalline  form,  by  its  aoUibility  in  water  and 
insolubility  in  alcohol,  by  its  combiuution  with  mercuric  oxide,  by 
its  uoii-precipitability  by  meUillic  salts,  and  above  all  by  its  oou- 
buning  sulphur. 

TnK  l)irrE«^Tios  of  BrLE-AriDB  is  Anim.\l  Fnfios.  To 
obtain  the  bile-nuids  pure  so  that  Fbttknkofkh's  tci^t  can  be 
applied  to  them,  tho  proteid  iind  fat  must  drat  be  removed.  The 
proteid  is  remoTei]  by  riifltving  the  liqiiid  first  neutral  and  then  add* 
lUg  a  great  «xces8  of  alcohol,  m  that  the  mixture  contains  at  least 
85  vols,  per  cent  of  water-free  alcohol.  Xow  filter,  extract  the  pre- 
cipitated proteid  with  fresh  alcohol,  unite  all  filtrates,  distil  the 
alcohol,  and  evaporate  to  dryiie««.  Tho  residue  is  completely 
exhausted  with  strong  alcohol,  filtered,  and  the  alcohol  entirely 

<  S«o  MkIj^'b  JiLrulMf.,  Bd.  6,  S.  7& 
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Mtapomtetl  from  the  filtrate.  Tho  new  rosidao  ia  disBolvod  in 
Ivater,  and  filtered  if  iiccT'Siuiry,  and  the  tmlntion  preci]iiuitod  l>y 
l^buic  lead  acetate  and  ammonia.  Tlie  woslicd  ]irecit>itiit«  is  dis- 
in  boiling  alcoboJ,  liltcrod  vhiLe  warm,  luid  u  few  drops  of 
aolutiou  added.  Tiiett  evaporate  to  dryness,  extruot  tbe 
idne  with  alntolutc  nlcoliol,  lliter,  and  ttdd  an  &xROi»  of  otber. 
[The  precipitaw  now  formed  may  be  used  for  Pbttksk<ipfk'8  test. 
Fit  i^  not  nccoasaiy  to  wait  for  a  cryatallization;  but  one  ninst  not 
(consider  tlie  crjstalii  which  form  in  the  lifpiid  ag  being  i^Hitivcly 
;Cry8t.-Ulized  bile.  It  i«  also  jwssible  for  uoerllug  of  alkali  acetate  to 
L'be  formed.     For  the  detection  of  bile-acids  in  urine  Bee  Chnpcer 

Bile-pigments.  The  bile-coloring  matters  known  thns  far  arc 
lelatirely  numBrouB.  atid  in  nil  i)robability  there  are  still  more. 
Jiest  of  the  kuowu  bile-pigments  are  not  found  in  tbe  normal  bile, 
1)at  occar  either  in  post-mortem  bile  or,  princi|)ally,  in  the  bile 
coDOrementi!,  The  jiiguienta  which  occur  nndur  phy>iologioiii  con- 
ditions are  the  reddish-yellow  f>ilirubi/i,  the  green  bilivfrdin,  and 
sometimes  there  is  aUo  observud  in  fresh  bum.iii  bile  a  pigment 
closely  allied  to  h^drobiiirufiiu.  The  piginuiit«  fonnd  in  (fall-stones 
Are  (besides  the  bilirubin  and  hiliverdiii)  bili/usan,  hHipraAin, 
bilihumin^  bHicyanin  (and  chdetelinf).  Besides  these,  others  hare 
been  ubeerred  iu  hntiuin  and  animal  bile.  The  two  abore-inea- 
tioued  physiological  pigments,  bilirubin  and  bJlivenliu,  are  those 
irhich  serve  to  give  the  golden-yellow  or  or&nge-yellow  or  sometimes 
greenish  color  to  the  bile,  or  wtien,  m  is  most  fretpiently  tbe  ca»e 
iu  oi-bilet  the  two  pigment*  are  present  in  the  bile  at  the  Kttnie 
tizae,  producing  the  different  sKwles  between  reddi«b  brown  and 
greeu. 

BilirabiQ.  This  pigment,  acrording  to  the  common  accepta- 
tion, has  tbe  formalo  C„lI„N,0,  (Malt')  and  is  designated  by 
thn  names  cudlbi'ykhhin,  bILIi■^.-Kl^',  biliki'lvin.  and  K.€»\- 
j<niDiN.  It  occors  chieily  in  tbe  yall-stones  as  bilivubin-culciiim. 
U  octiors  iu  tbe  liver-bile  of  all  vertebrates  imd  iu  the  bladder-bilu 
•specially  in  man  and  camivora;  sometimes,  however,  the  latter 
ban  faeting  or  in  a  starring  condition  may  have  a  green  bile.  U 
eccura  also  in  the  contents  of  the  small  intestine,  in  blood-serum  of 
ilm  horso,  in  old  blood  extravasations  (as  b»<matoidin),  and  in  the 
nrine  and  the  yellow-colored  tissue  in  icterus.     Xiilirubin  is  rlerived 

all  probability  from  hiematin,  which  it  closely  resembles.     It 

'  Wteo.  Siuongsber.,  Ifald.  57  Mil  70. 
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is  converted  into  hydrobilirtibin,  C„H„N,0,  (Malt')  by  hydrogm 
in  a  nascent  state.  It  i&  claimed  by  several  investigators  to  be 
identical  with  the  urinary  pigment  urobilin,  as  well  as  with  stereo- 
bilin  (Masius  and  Vaklair'},  which  is  found  in  the  contents  ol 
the  intestine.  There  is  no  doubt  that  a  great  similarity  exists 
between  these  pigments,  bnt  their  identity  is  emphatically  denied 
by  MacMunn.'  On  oxidation  bilirubin  yields  biliverdin  and  other 
coloring  matters  (see  below). 

Bilirubin  is  partly  amorphous  and  partly  crystalline.  The 
amorphous  bilirubin  is  a  reddish -yellow  powder  of  nearly  the  same 
color  as  amorphous  antimony  sulphide;  the  cryst^line  bilirabin  has 
nearly  the  same  color  as  crystallized  chromic  acid.  The  crystaU, 
which  can  easily  be  obtained  by  allowing  a  solution  of  bilirubin  in 
cliloroform  to  spontaneously  evaporate,  are  reddish-yellow,  rhombic 
plates,  whose  obtuse  angles  are  often  rounded. 

Bilirubin  is  insoluble  in  water,  slightly  soluble  in  ether,  some- 
what more  soluble  in  alcohol,  easily  soluble  in  chloroform,  especially 
in  the  warmth,  and  less  soluble  in  benzol,  carbon  disalphide,  amyl 
alcohol,  fatty  oils,  and  glycerin.  Its  solutions  show  no  absorption- 
bauds,  but  ouly  a  continuous  absorption  from  the  red  to  the  violet 
end  of  the  spectrum,  and  they  have,  even  on  diluting  greatly, 
(1  ;  500000)  in  a  layer  1.5  com.  thick  a  decided  yellow  color.  If 
a  dilute  solution  of  bilirubin  in  water  is  treated  with  au  excess  of 
ammonia  and  then  with  a  zinc-chloride  solution,  the  liquid  is  first 
colored  deep  orange  and  then  gradually  olive-brown  and  then  green. 
This  solution  first  givw  a  darkening  of  the  violet  and  blue  part  of 
the  spectrum  anil  then  the  bands  of  alkaline  cholecyanin  (see  below), 
or  at  least  the  bands  of  the  pigment  in  tlie  red  between'Cand  i) 
close  to  C  This  is  a  good  reaction  for  bilirubin.  The  combina- 
tions of  bilirubin  with  alkalies  are  insoluble  in  chloroform,  and 
bilirubin  may  be  scpiirated  from  its  solution  in  chloroform  by  shak- 
ing with  dilute  caiistio  alkali  (differing  from  lutein).  Solutions  of 
bilirubin -alkali  in  water  are  precipitated  by  the  soluble  salts  of  the 
alkaline  earttis  and  also  by  metallic  salts. 

If  an  alkaline  solution  of  bilirubin  be  allowed  to  stand  in  con- 
tact with  the  air,  it  gradually  absorbs  oxygen  and  green  biliverdin 
is  formed.     Biliverdin  is  also  formed  from  bilinibiu  by  oxidation 

'  Aim.  it.  Chejn.,  Bd.  1C8. 

•  Centralb!   f.  d.  med.  Wiasensch.,  1871,  8.  369. 
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nndor  other  conditions.  A  green  coloring  matter  similar  in  nppenr- 
ance  is  formed  by  the  action  of  olher  reagents  such  as  CI,  Ur, 
and  I.  In  these  csoses  it  does  not  seem  to  be  biliverdin,  bnt  a  siib- 
stitntion  product  of  bilirobiti  {Tuudichum,'  Mai.y'),  which  i« 
obtained. 

Gmki.[S*9  Reaction  for  liUf-pigmentn.  If  we  carefully  pour 
nnder  a  solntion  of  bilirubin -alkali  in  water  nitric  acid  containing 
lomo  nitrons  acid,  we  obtain  a  series  of  colored  layers  at  the  junc- 
tare  of  the  two  liqnidB,  in  the  following  nrdcr  from  above  down- 
wards: green,  bine,  TioJet,  red,  and  reddish  yellow.  This  color 
reaction,  Gmeliv's  test,  is  very  delicate  and  Bcrrca  to  detect  the 
prce«iic«  of  one  part  bilirubin  in  SO.uoo  parts  liquid.  The  green 
ring  must  never  bo  absent;  and  aUo  the  reddish  riolet  must  be 
present  at  the  Ham«  time,  otherwise  the  reaction  niay  be  confused 
with  that  for  luttiu,  which  gives  a  hlne  or  greenish  ring.  The 
nitric  acid  most  not  contain  too  much  nitrons  acid,  for  tlien  the 
reaction  takes  place  too  qnickly  and  it  does  not  become  typical. 
Alcohol  muflt  not  be  present  in  the  litjuid,  because,  as  is  well 
known,  it  gives  a  play  of  colors,  in  green  or  bine,  with  the  acid. 

IIl'i'i*EitT"s  limctiOH.  If  n  solntion  of  bilimbin-alkali  is  treated 
with  milk  »f  liiue  or  with  calcium  chloride  aud  aniiiionia,  a  precipi- 
tate is  produced  consisting  of  bilirubiu-c^cium.  If  tbiti  moist  pre- 
cipitalu,  vrhich  has  been  wa<iUeiI  with  uatur,  is  placed  in  u  teel-tube 
uud  the  tube  half  tilled  with  alcohol  which  has  been  acidified  with 
salphitric  acid,  and  heated  to  boiling  for  some  time,  the  liquid 
becomes  emQrald-gre«u  or  bluish  green  \n  color.  This  reaction  is  a 
good  and  easily  performed  test  for  bile-pisments. 

In  regard  to  the  modilications  of  Gmruv's  test  and  certain 
other  react iona  for  bile-pignienta,  see  Chapter  X^'  (rrinc). 

That  the  chamcteristic  play  of  colors  in  GMtiLiN'ti  test  is  the 
nsnlt  of  an  oxidation  is  gouorally  admitted.  The  first  oxidation 
step  is  Uie  green  bilirerdin.  Then  follows  a  blue  coloring  matter 
vbich  Uuxsu!)  and  Campbell'  call  biiicyanin  and  Stokvis'  calls 
\eMecyaiitH,  and  which  shows  a  chanicteriBtic  absorption -spec  tnun. 
The  nentral  eolations  of  this  coloring  matter  are,  according  to 
i&TOKVU,  bluish  green  or  steel-blue  with  a  beautiful  blue  fluores- 

Jnornat  of  tlie  Cbetii   Soc..  (2)  Vn].  13. 

*  Wion.  &ilztiiig«lK!r.,  Bd.  72. 
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cence.  The  alkaline  solutionB  are  green  and  hare  no  marked 
flnorescence.  The  neutral  and  alkaline  solntions  show  three  absorp- 
tion-bands, one  sharp  and  dark  in  the  red  between  Cand  D,  nearer 
to  C;  a  second,  less  defined,  covering  D;  and  a  third,  forming  only 
a  faint  shadow,  in  the  green,  exactly  in  the  middle,  between  D 
and  E.  The  strongly  acid  solutions  are  violet-blae  and  show  two 
bands,  described  by  Japfe,  between  the  lines  C  and  E,  separated 
from  each  other  by  a  narrow  space  near  D.  The  next  oxidation 
step  after  these  blue  coloring  matters  is  a  red  pigment,  and  lastly  a 
yellowish -brown  pigment,  called  choletelin  by  Malt,'  which  in 
neutral  alcoholic  solutions  does  not  g^ve  any  absorption  spectmm, 
but  in  acid  solution  gives  a  band  between  h  and  F. 

Bilirnbin  is  best  prepared  from  gall-stones  of  oxen,  these  con- 
cretions being  very  rich  in  bilinibin-calcinm.  The  finely  powdered 
concrement  is  first  exhausted  with  ether  and  then  with  boiling 
water,  so  as  to  remove  the  cholesterin  and  bile-acids.  The  powder 
is  then  treated  with  hydrochloric  acid,  which  sets  free  the  pigment. 
Wosli  thoroughly  with  water  and  iitcohol,  dry,  and  extract  re- 
peatedly with  boiling  chloroform.  After  distilling  the  chloroform 
from  the  solution,  treat  tho  powdered  residue  with  absolute  alcohol 
to  remove  the  hilifuscin;  dissolve  the  remaining  bilirnbin  in  a  little 
chloroform;  precipitate  it  from  this  solution  by  alcohol,  and  do  this 
several  times  if  necessary.  Tho  bilirubin  is  finally  dissolved  in 
boiling  chloroform  and  allowed  to  crystallize  on  cooling.  The 
quantitative  estimation  of  bilirubin  may  he  made  by  the  spectro- 
photometrical  method,  according  to  the  steps  suggested  for  the 
blood-coloring  matters. 

Biliverdio,  C,,II„N,0,.  This  body,  which  is  formed  by  the 
oxidation  of  bilirubin,  occnrs  in  the  bile  of  many  animals,  in 
vomited  matter,  in  the  placenta  of  the  bitch  (?),  in  the  shells  of 
birds'  eggs,  iu  the  urine  in  icterus,  and  sometimes  in  gall-stones, 
althongh  in  very  small  quantities. 

Biliverdin  is  amorphous,  or  at  least  it  has  not  been  obtained  in 
well-defined  crystals.  It  is  insoluble  in  water,  ether,  and  chloro* 
form  (this  is  true  at  least  for  the  artificially  prepared  biliverdin, 
while  tlie  green  pigment  of  ox-bile  is  soluble  in  chloroform,  accord- 
ing to  MacMuxx  '),  but  is  soluble  in  alcohol  or  glacial  acetic  acid, 
showing  a  beantiful  green  color.     It  is  dissolved  by  alkalies,  giving 

'  Wien.  Sitzuiigsbor..  Bd.  59.     See  also  Jaffe,  Centralbl.  f.  d.  med.  Wifl- 
BenBcb.,  1868,  and  Heinsius  and  Campbell,  PfiQger's  Arch.,  Bd.  4. 
»  Journal  of  Physiol.,  Vol.  6. 
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a  brownish -green  color,  and  this  eolution  is  precipitateil  \>y  anide, 
I  well  as  l)j  calcium,  Imriiim,  and  luLit  tialU.  Hiliveriiia  givea 
Bvppkrt's  and  (tuelin's  rofuicionSf  uummeiioiDg  wit)i  the  bine 
color.  It  is  converted  into  bydroljillruhin  liy  nasrent  hydrogen. 
Od  allowing  the  ^reen  hlle  to  stand,  also  by  the  action  of  amnipniiim 
talpbide,  the  bihverdin  may  be  reduced  to  bilirubiti  (IIaycbaft 
and  ScuciELn'). 

Bitivordin  is  most  ainiply  prepared  by  allowing  a  thin  layer  of 
an  alkaline  9olntio>i  of  bitinihin  to  iitand  exposett  to  the  air  in  a  dish 
tLUtil  the  color  is  brownish  gr«en.  The  solniiou  ia  Chen  procipitnted 
by  hydrochloric  acid,  the  precipitate  wmhed  with  M-ater  until  no 
lIC'l  reaction  ia  obtained,  tiicn  dit^olvGd  in  alcohol  and  the  pigment 
again  seimrated  by  the  addition  of  water.  Any  bilirubin  present 
may  be  removed  by  meang  of  chloroform. 

BJifirarin,  no  n«tut.-d  b_v  HrXUKl-ini',  is  im  amorphnaa  trniini  pii^mmit, 
■oluMe  iu  nlcoliol  aoil  [.Ikatlfft,  uettrlj  iiiR()itib(i<  iu  water  aud  etUvi,  and  »ulu1)l« 
with  gT«ac  difficulty  in  rlilaraform  (wben  bllinibiD  '\s  not  pretAUl  at  ilio  same 
time).  When  pare  l>ilir»Min  lioes  iioi  give  cImki.[h'^  rr«cticiii.  It  in  fnwnd  io 
)M>al-uiarteui  biln  atid  gmll-aUincJi.  Uilijiraniii  in  a  gti-i-ii  pig^iiinil  nrfjiarril  hy 
8TADK1.KII  fpHii  s<>'l'»tgiie«.  wlnc)i  pfrliai*  in  only  a  inixturw  "jf  Ijilivfrdiii  aiiu 
iTillraMn.  BUiitnmin  tn  ilie  Eiamu  (riven  \}y  Ki'Iuklrii  to  ihat  bmwuiah 
aiiutc|ibuui>  t«9udiiH  which  isi  left  after  trxlraclia)!  ||(ilI1>9Uiu««  wick  cliioraronii, 
alcotiol.  and  clber.  It  di)«H  uoi  ^vn  Omki.in's  irst.  Pitirj/nnin  is  uis'j  fiiuiid 
in  buiiian  ^ll-BUinea  (HBiNsirB  and  ('AMract.LV  ('ft-jMirmntiit,  »»  rnlltfd  hj 
itx'-Mvsx,'  t»  a  |ii)pUL-ul  often  oL«urriii)t  iii  »life[v  and  un-lnln  aiid  L-hamrltr- 
i»«*'l  by  four  abeorption  bunds,  imd  wliifli  is  formed  friTu  ]i£pnial)n  by  ttia 
aetlon  nf  Boditim  ainalgani  In  iUk  drioii  CDnililt-m  obiaitiLtl  by  ilio  evapo- 
ration of  ibo  clilorotonit  aitluciou  it  ia^FMii,  and  iti  alcoliijlli:  auluUuu  ullrv- 
brown. 

Uhelin's  anil  Hl'l'PRHT's  reactions  are  generally  used  to  detect 
the  precenue  lif  bile-pigmentis  iu  auimul  lluidisur  ti^iiuei).  The  Qnti 
oa  a  rule,  can  hn  perfonnod  directly,  and  the  pre^>nce  of  proteid 
dooti  not  interfere  with  it,  but,  on  tho  contrniy,  it  brings  out  the 
play  of  colors  more  strikingly.  If  blood-coloring  matters  are 
present  at  the  same  time,  the  hile-ooloring  matters  are  fin>t  ])recipi- 
tiited  by  the  addition  of  sodinni  phosphate  and  milk  of  lime.  This 
iirccipitjttn  i-nntainiiig  tliu  bilo-pi^'nicnts  may  be  uticd  directly  iu 
J-H'PPEKtV  reaction,  or  may  \x  treated  wit^l  water  and  eunie  hyilro- 
icilloric  acid,  and  then  ebaKen  with  chloroform  free  from  aleoliol, 
nd  ihU  chloroform  solution  used  in  testing  for  the  hitc-pigmunbs. 


<  l^ntralb!.  r  Pliynin]..  188fl,  8.  SaS,  and  Zeilacht.  L  pb/mol.  Cliera  , 
Bd.  14- 

'Tjertaljalitvcbr.  d.  naturf.  Oesellacb.  iu  Zltrii.-li,  Bd.  8,  cited  from  Boppe> 
Seylftf,  Plijsiol  II.  paib.  cbeui.  An«]]rse,  4.  Aufl.,  8.  235. 

•  Jonnul  of  Plijrsiol  ,  VoL  6. 
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Bilirubin  is  detected  in  blood,  according  to  Hedesius,'  by  precipi- 
tuting  the  proteins  by  alcobol,  filtering  and  acidifying  the  filtrate 
with  hydrocliloric  or  sulphnric  acid,  and  boiling.  The  liquid 
becomes  of  a  greenish  color.  Seram  and  aerons  fluids  may  be  boiled 
directly  with  a  little  acid  after  the  addition  of  alcohol. 

Besides  the  bile-acids  and  bile-pigments  we  also  have  in  the  bile 
cholesterin,  lecithin,  palmitin,  stearin,  oleiri,  and  soaps  of  the  corre- 
sponding/a^/^ aci^s.  Lassar-Cohn  '  has  also  found  myristic  add 
in  ox-bile.  In  some  animals  the  bile  contains  a  diastatic  enzyme. 
C'holin  and  glycero-phosphoric  acid,  when  they  are  present,  may  be 
considered  as  decomposition  products  of  lecithin.  Urea  occurs, 
tlioiigh  only  as  traces,  as  a  physiological  constituent  of  human,  oi, 
and  dog  bile.  Urea  occurs  in  the  bile  of  the  shark  and  ray  in  such 
large  quantities  that  it  forms  one  of  the  chief  constitaehts  of  the 
bile.'  The  mineral  constituents  of  the  bite  are,  besides  the  alkalies, 
to  which  the  bile  acids  are  nnited,  sodium  and  potuasinm  chloride, 
calcium  and  magnesium  phosphate,  and  iron — 0.04-0.115  p.  m.  in 
human  bile,  chiefly  combined  with  phosplioric  acid  (Young'). 
Traces  of  copper  are  habitually  present,  and  traces  of  zinc  are  often 
found.  Sulphates  are  entirely  absent  or  only  occur  in  very  small 
amounts. 

The  quantity  of  iron  in  the  bile  varies  very  much.  According 
to  Nuvi '  it  is  dependent  upon  the  kind  of  food,  and  in  dogs  it  is 
lowest  with  a  bread  diet  and  liighest  with  a  meat  diet.  According 
to  Dastre'  this  is  not  the  case.  The  quantity  of  iron  in  the  bile 
varies  even  though  a  constant  diet  is  kept  up,  and  the  variation  is 
dependent  upon  the  formation  and  destruction  of  blood.  The 
question  as  to  the  extent  of  elimination  by  the  bile  of  the  iron 
introduced  into  the  body  has  received  various  answers.  There  is 
no  doubt  that  the  liver  has  the  property  of  collecting  and  retaining 
iron  and  also  other  metals  from  the  blood.  Certain  investigators, 
such  as  Novi  and  Kunkel,'  are  of  the  opinion  that  the  introduced 
and  transitorily  retained  iron  in  the  liver  is  eliminated  by  the  bile^ 

'  Upsala.  Lftkaref.  FOrli..  Bd.  29. 

»Zeit9chr.  f.  pbysiol,  Cbem.,  Bd.  17. 

^  Investigation  iiot  publisbed  by  tbe  author. 

*  Journal  of  Anat.  and  Pbysiol.,  Vol.  6,  p.  1S8. 

*  8ee  Male's  Jahresber.,  Bd.  30,  S.  378. 

*  Arcb.  de  Physiol.,  (">)  Tome  8. 
^PfiOger'B  Arcb.,  Bd.  14. 
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irhH«  olhfln,8ucli  an  Haubcbobr,'  Gotti.ibb,*  mid  Aksrlm.'  deuj 
anf  snch  eUmiuation  of  iron  by  the  bile. 

Quantitativt  Comjtosilion  of  the  Bile.  CoIll]^lete  utial^'ses  of 
hnmuu  bilu  Imvu  bueu  uiade  by  UocPE-SKYLiib  uiul  hiii  pupils. 
The  bilu  wiu  removud  us  fretili  as  postiibk'  fi-uui  llic  gulNblodUer  of 
cadsTers  whose  livc-ns  chun'ud  no  Tvumrkahle  vh&ugs.  Tlio  following 
figures  of  Socoloff'  are  tbu  uvorage  of  six  aualysM,  tuiil  tboee  of 
HfippE'ijEirLEB'  uf  live  auulyses.  The  relationship  betweeo  the 
glrcochoUte  uud  tunrocholate  was  found  by  fiieiag  the  precipitate, 
cotiiiUtiug  of  biliary  ulkuHes  obtaiued  by  ether  from  tlie  aicohoUc 
extract,  with  saU{>otre  and  eudu,  Ou  detenuiuiug  the  lunouut  of 
salpbnr  iu  the  fuDed  inam  ihe  tuurouholic  ucid  ctui  be  ojdculaced 
from  tbtB.  100  partR  Hii>SO.corrt^f<pond  to  '3'20.8([  partA  tuurocliolic 
acid.     The  figures  are  parts  {ler  ]0(X>. 


TnirAKowni.* 

I.         II. 


SoooLorv.      Ilarra-6KT1JIIL 


la.o/ 

87  30 

1S.9 

U9\ 

1.4 

19.2 

i-iffr 

8.T 

4.4 

49  04 

80.8 

16.^ 

14.6U 

19. » 

t.a 

8.3 

0.8 

9.3 

8.6 

7.8 

,  ^ 

•      *  -. 

0.106 

Uncin 24  S 

RciuAiDlnir  bodice  Insol.  Id  ^ooliol,     4.5 

TsaRwlidlUfl 7,  A 

GlycocholMo 21.0 

Bmm 8.1 

Cfaolraivrln. 2.n 

liMithia t      .n 

P.t \     '*-^ 

Farrie  pboapliBto 

Older  and  Jess  complete  analyses  of  hiituan  bile  hare  been  made 

by  Frskichs  and  v.  Oorup-Besaxez.     The  bile  unalyzed  by  them 

was  from  perfectly  healthy  persons  who   ha<l    been   executed  or 

acc-idenially   killed.     The   two  analyses  of    KUKRmr.s  are,  respec- 

tiveW.  of  (1)  an   18-year-old  and  (IF)  a  2a-ycar-old   male.     The 

analyses  of  v.  GaRL'p-ltKSAN'F.:^  are  of  (I)  .i  man  of  4U  and  (JI)  a 

woman  of  'iV.     The  results  are,  as  tisuai,  in  parts  per  liiiii). 


I- 

107. » 

32.1 


»D».l 
101.0 

14.S 


1.  II- 

Wawr »HI.O  sma 

Solids 140.0  140  H 

BOUfyaalts 73.-J  91.4 

UaeaKand  pigmoitH 36.0  29  8 

ChntditUirin 1.0  2.6)             ...         «n  a 

Fai 8.3  ».3t            "■*         »''■• 

InorgaDle  ^alialaaoea 6.S  7.7              10.9          6.S 

■  ZaiWebr.  f.  pbjrsiol.  Choni.,  Bdd.  S  uid  4. 
*Md..BA.  1.V 

*  Uob«r  ilia  KisenautvtchnlduD^  der  Oall^.    Inaug.  Dlsn.    Dorpu,  1891. 
^aORer'B  Atth..  rid   12. 

■  Pbjwiol.  CliBm..  S.  301. 
M»flO«er'*  Are!..,  Bd.  «. 

^  Cit.  Ctom  Hoppe-8ejler'B  Phjsiol,  Cham.,  &  299. 
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Human  liver-bile  is  poorer  in  solids  than  the  bladder-hile.      I** 
aeveral  cases  it  only  contained  13-18  p,  m.  solida,  bat  the  bile   "*^^ 
these  cases   is  hardly   to  be  considered  as  normal.     Jacobse:^ 
fonnd  22.4-32.8  p.  m.  solids  in  a  specimen  of  bile.     The  autho**-* 
\Fho  had  occasion  to  analyze  the-iiver-bile  in  seven  cases  of  bil)»''J 
fistula,  has  repeatedly  fcnnd  35-38  p.  m.  solids.     In  a  case  of    ^ 
corpulent  woman  the  quantity  of  solids  in  the  liver-bile  varied* 
between  30.10-38.6  p.  m.  in  ten  days. 

Human  bile  sometimes,  but  not  always,  contains  solphur  in  aa 
(ithereal  aulphuric-acid  combination.  The  quantity  of  sach  snlphnr 
may  even  amount  to  i— J  of  the  total  sulphur.  Human  bile  is 
liabitually  richer  in  glycocholic  than  in  taurocholic  acid.  In  m 
cases  of  liver-bile  analyzed  by  the  author  the  relationship  of 
taurocholic  to  glycocholic  acid  varied  between  1  :  2.07  and 
1  ;  14.36.  The  bile  analyzed  by  J.vcobsen  contained  no  tanro- 
cholic  acid. 

As  example  of  the  composition  of  human  liver-bile  we  give 
the  following  results  of  three  analyses  made  by  the  authob.'  The 
results  are  calculated  in  parts  per  1000. 

Solids 25.200  35.260  25.400 

Water 974  800  964.740  974.600 

Mucin  and  pigments :'>.290  4.290  5.150 

Bile-willa 9.810  18.2^0  9.040 

Tuiironholate 3.084  2.079  2.180 

(ilvcocliolat<! 6.276  16.161  6.860 

FatLy  acids  from  soaps 1.230  1.360  1.010 

Cholesterin 0.630  1.600  1500 

l.*citbin t  n  ....rt  0-574  0.65O 

Fat f  "-*'''  0.956  0.610 

S<)luble  salta 8.070  6.760  7.250 

Insoluble  salts .' 0.250  0.490  0.210 

Baginsky  and  Sommerfeld'  have  found  true  mucin,  mixed 
witii  some  uucleoalbumin,  in  the  bliidder-bile  of  children.  The  bile 
contained  on  an  avenige  80';.. 5  p.  m.  water;  103.5  p.  m.  solids;  20 
J).  III.  mucin;  0.1  p.  m.  minenil  snbstances;  95.2  p.  m.  bile-salts, 
of  wliich  1(1.3  p.  m,  were  glycocholate  and  8.9  p.  ni.  tanrocholate; 
3.4  p.  ni.  chole.^terin ;  6.7  p.  m.  fat,  and  2.8  p.  m.  leucin. 

Amougst  the  mineral  constituenta  the  chlorine  and  sodium 
occur  to  the  greatest  e.'stout.     The  relationship  between  potassium 

'  Ber.  d.  deiitsch.  cbem.  (Jesfilsob..  Ud.  6, 

*  Nova  .Acta  Heg    Hoc.  Scient.  Upsala,  Bii.  16. 

*  L,  c. 

*  Verliandl    d.  plivsiol.  Gesellscb.  zu  Berlin,  1894-95.  Nos.  18,  14,  15. 
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sodium  varieR  couflidembly  in  ditTiTent  blloH.  SulpliDnt;  ncid 
phosiilioric  ncid  uiily  ocuur  in  vuiy  ttniitll  (jnuniiLius.  The 
qokiitiij  of  iron  in  die  liTor-liile  in  tlireo  <taKu^  itiveeti gated  by  tbo 
Amroit  wtiaO.OlH-0.044  p.  m.,  caliMiIuUxt  on  Uut  fretili  bilo. 

The  r^iiantity  of  piginunl  in  hunmti  \n\vt  ia,  acprmling  to  Xobl- 
Patox,'  0.4-1.3  p.  in.  for  a  c-ase  of  biliary  llutulo.  The  method 
ased  in  dotermining  tho  pij:,inonta  in  this  caeo  wa^  not  qnito  tniat- 
worthy.  More  exact  re«ii!t«  obtain«d  by  apcctro.pliotonictric 
methoda  are  on  record  for  dogs'  bile.  According  to  Stauki-mans  ' 
dogs*  bile  contains  on  an  average  O.fi-0.7  p.  m.  bilirnbin.  At  the 
DKet,  only  T  millignunig  pigment  ara  socrotod  per  kilo  of  body  in 
the  24  honrs. 

In  animals  tbo  relative  proportion  of  tho  two  acids  vnnca  verj 
mnch.  It  baa  been  found,  on  determining  the  amount  of  snlphnr, 
that,  so  far  na  the  experitncats  have  gone,  taiirocholic  acid  is  tho 
prevailing  BxHiX  in  camivorons  maniinulia,  binis,  snakeit,  and  fishes. 
Among  the  horbivora  sheep  ami  gofits  have  »  predomiuuni«  of 
tanrocholic  acid  in  the  bile.  Ox-bile  sometimes  contains  taaro- 
choliracid  in  exoeeSf  in  other  cases  glycocliolio  acid  predominates, 
and  in  a  few  cases  the  latter  oociirs  almost  alone.  The  bile  of  the 
rabbit,  bare,  and  kangaroo  contaiui),  tike  the  bile  of  the  pig,  almost 
exclnsively  glycocholic  ncid.  A  diatinet  inflnencc  on  the  relative 
amounts  of  the  two  bile-acids  by  different  foods  has  not  boon 
detected.  Kittbk  *  claims  to  have  fonnd  a  decrease  in  the  quantity 
of  tanrocholic  acid  in  calves  when  they  pass  from  the  milk  to  the 
plant  diet. 

In  the  above-mentioned  oalcnlittioii  of  the  tanrocholic  aoid  from 
the  r^nantityof  Btilplinr  in  the  bile-salts  it  iniiat  be  remarked  that 
mt  exact  conclusion  ciiii  bcdniwti  from  this  nilciilation  as  long  oa 
we  hare  not  investigated  whether  other  kinds  of  bile  contain  gnl- 
phnr  in  combinations  other  than  tanrocholic  acid,  as  in  human  and 
shark  hile. 

The  gaMd  of  the  bile  cnnaiRt  of  a  la^e  quantity  of  carbon  diox- 
ide, which  increases  vrith  the  amount  of  alkalicB,  only  traces  of 
oxygen,  and  a  rory  snmll  quantity  of  nitrogen. 

Lilt  lit  is  known  in  rBpKrtl  to  thv  pmpfrlifg  af  t^  hiU  in  dueatt.  Tlivqium- 
litT  uf  vm  iv  fwiiid  lu  1>«  <x<u>iueml>lv  iiicrawed  la  urntmla.  i.tuein  and 
tgnmH  Bra  ubwrv«d  m  tunitc  yctlow  nl^>pll7  of  the  liver  And  tn  typlms.    Traces 

'  Bei».  Ub.  Ryy.  Soc.  CoH.  Ptiyn.  Eaiub.,  Vol.  1 

*  Dor  IctrroH,  etc.     Stuil^'art,  1891. 

■  Ctt   from  Mnly'R  JubrcetiAr..  Bd.  6.  S.  195. 
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of  albumin  (without  re^rtl  to  nuclenalbumin)  have  several  times  been  fonnd  in 
tbe  hiirnan  bile,  Tbe  so-called  pigmentary  acholia,  or  the  secretion  of  a  bile 
coataiuJDg  bile-ncids  but  no  bile-pi^nii'Dtfi,  has  also  been  repeatedly  noticed. 
In  all  such  cases  ob.served  by  RiTTER '  lie  found  a  fatty  degeneration  of  tlie 
liver-cella,  iu  return  fur  which,  even  in  escesisive  fat  infiltration,  a  normal  bile 
containing  pigments  H'as  secreted.  The  secretion  of  a  tiile  nearly  free  from 
bile-acids  Itaa  been  observed  by  Hoppe-?kyi.er*  in  amyloid  degt^ner&tionof  the 
liver.  In  animals,  dogs,  and  especially  rabbits  it  has  been  observed  that  tbe 
bloml-piffnients  paas  into  the  hilo  in  poisoning  and  in  other  cases,  caasing  a 
deHtruction  of  tbe  blood -corpuscles,  as  also  after  intravenous  hsmoglobiu  injec- 
tion (WEHTiiEiUER  and  Meter,»  Fileuse.*  Stern'). 

Chemical  Formation  of  the  Bile.  The  first  question  to  be 
answered  ia  the  following:  Do  the  apeciiic  constituents  of  the  bile, 
the  bile-acids  and  bile- pigments,  originate  in  the  liver;  and  if  this 
is  the  case,  do  they  come  from  this  organ  only,  or  are  thej  also 
formed  elsewhere  ? 

The  investigations  of  the  blood,  and  especially  the  oomparatiTe 
investigations  of  the  blood  of  the  portal  and  hepatic  veins  under 
normal  conditions,  have  not  given  any  answer  to  this  qnestion.  To 
decide  this,  therefore,  it  is  necessary  to  extirpate  the  liver  of 
animals  or  isolate  it  from  the  circnlation.  If  the  bile  constituents 
are  not  formed  in  the  liver,  or  at  least  not  alone  in  this  organ,  bat 
only  eliminated  from  the  blood,  then,  after  tbe  extirpation  or 
removal  of  the  liver  from  the  circulation,  an  accumulation  of  the 
bile  coiistitnents  is  to  be  expected  in  the  blood  and  tissues.  If  the 
bile  constituents,  on  the  contrary,  are  formed  eiclnsively  in  the 
Jiver,  then  the  above  operation  naturally  would  give  no  such  result. 
If  the  choledocbns  duct  is  tied,  then  the  bile  constituents  will  be 
collected  in  the  blood  or  tissues  whether  they  are  formed  in  the 
liver  or  elsewhere. 

From  these  principles  Kohner  *  has  tried  to  demonstrate  by 
experiments  on  frogs  that  the  bile-adds  are  produced  excinsively  in 
the  liver.  While  he  was  unable  to  detect  any  bile-acids  in  the  blood 
and  tissues  of  tliese  animals  after  extirpation  of  the  liver,  still  he 
was  able  to  discover  them  on  tying  the  choledochus  duct.  The 
investigations  of  Ludwig  and  Flkischl  '  show  that  in  the  dog  the 

'Conipt.  rond..  Tome  74,  and  Journ.  de  I'anat.  et  de  la  phyaiol.,  1872. 
'Physiol.  Cheni..  S.  317. 
'  Corapi.  rend.,  Tome  108. 
*  Virchow's  Arch  ,  Bd.  121. 
'ifrW.,  Bd.  133. 

'  See    Ileidenbaiu,    Physiologie  der  Absonderungavorgftnge    in   Hermann'a 
flandbucli,  Bd.  5. 

^  Arbeitea  aus  der  pbysiol.  Anstalt  zu  Leipzig,  Jahrgang  9. 
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bUe-acida  originate  in  the  liver  alone.  After  tying  the  choledoclius 
4act  tbey  obeerved  tliiit  ttie  bilo  coostitnotits  were  abeorlwd  by  the 
lymphatic  veaaela  and  passed  iuto  the  blood  throngh  the  thoracic 
duct,  liile-ttcida  ooiild  be  detocled  in  the  bhHxl  after  such  an 
oporatiou,  while  they  could  not  be  detected  in  the  uoniiul  blood. 
But  when  the  choledochiie  and  thoracic  dacts  were  liotli  tied  at  the 
&oie  time,  then  not  the  least  truce  of  bile-acids  could  be  detected 
io  tbe  blood,  while  if  tbey  are  also  formed  in  other  orj^ua  and 
tussaee  they  should  liare  beeu  pretient. 

Other  ways  havn  beeu  tried  to  demonstrate  the  formation  of 
bil»-Boid  in  the  livcr-cellK.  Au:x.  ScHuitrr  and  Kallueyeh  '  hare 
shown  that  the  isolated  liver-cells,  which  have  hoen  watthed  with  a 
phyaiological  \aCl  solution,  tiave  the  property,  in  the  pnutenco  of 
hsmoglobia  and  glycogen,  of  iucrcusing  tbe  (jnautity  twofold,  of 
mbstancoa  aolablo  in  alcohol  bat  insoluble  in  other.  This  tonda  to 
show  the  formation  of  bilo  alkalies. 

From  older  stutcmeuts  of  Clukz  and  Vl:i.i'ja.\  oe  well  as  Via- 
cnow  the  bile-acidB  also  occur  in  the  suprarenal  capsule.  Those 
statementa  have  not  been  conOrmed  by  later  investigations  of 
Staui:uian:n  and  Bkikk.'  At  the  preeeut  time  we  have  no  ground 
for  suppoeing  that  the  bile-aeida  are  formed  elaowhcre  than  in  the 
lirer. 

It  had  been  indnbitubly  proved  that  tho  Jnlc- pigment  a  may  1)e 
formed  in  other  oi^mw  besides  ibc  liver,  for,  as  ia  gonorally 
admitted,  tho  coloring  matter  hipniatoidin,  which  ocxiirH  In  old 
blood,  extravasations,  lb  identical  with  the  bile-pigment  bilirubin 
(see  page  115).  LATt^ciiKMiEmiKii '  baa  also  observed  in  horsee, 
under  pathological  conditione,  a  formation  of  bilc-pijrmcintH  from 
the  blood -coloring  matters  in  the  tissnoa.  .U&o  the  occurrence  of 
hile-pigmonta  in  the  placenta  aeoma  to  depend  on  their  formation 
in  that  organ,  while  tho  occurrence  of  amall  qnantities  of  hilo-pig- 
ments  in  tbe  blood-scrum  of  certain  animals  probably  depends  on 
an  absorption  of  tbe  same. 

Althoagh  the  liile-pigmenta  may  be  formed  in  other  organs 
boaidcH  the  liver,  still  It  is  of  Urst  importanoe  to  know  what  bearing 
this  organ  baa  on  the  elimination  and  formation  of  bile-pigmenta. 

'  Eallinajw,   Uebertlie  Euliitcljuiig  der  QullitakllureQ,  vXc,"    Inuu^.  I>isB. 
Derpst.  188S. 


*  Z«itKhr.  (.  pbTHioI.  riiem.,  Bd.  1ft.     Tbln  cnntalns  the  Ald«r  liu^rninro. 
■Ualj'a  Jahnwber..  M.  16.  S.  iHU,  an<l  Mou«t<ibeft«  f.  Chem.,  Bd.  9. 
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In  thie  regard  it  mnst  be  recalled  that  the  liver  is  an  excretoir 
organ  for  the  bile-pigments  circalating  in  the  bloodi  Tarcha- 
NOFP '  has  observed,  in  a  dog  with  biliary  fistola,  that  intravenons 
injection  of  bilirabin  causes  a  very  considerable  increase  in  the  bile- 
pigments  eliminated.  This  statement  has  been  confirmed  lately  by 
the  investigations  of  Vossius.' 

Numerous  experiments  have  been  made  to  decide  the  question 
whether  tlie  bile-pigmenta  are  only  eliminated  by  the  iiver  or 
whether  they  are  also  formed  therein.  By  experimenting  on 
pigeons  Stern  '  was  able  to  detect  bile-pigments  in  the  blood-serum 
five  hours  after  tying  the  biliary  passages  alone,  while  after  tying 
alt  the  vessels  of  the  liver  and  also  the  biliary  passages  no  bile- 
pigments  could  be  detected  either  in  the  blood  or  the  tisanes  of  the 
animal,  which  was  killed  10-12  hours  after  the  operation.  Min- 
kowski and  Nauntn*  have  also  found  that  poisoning  with 
arseuiuretted  hydrogen  produces  a  liberal  formation  of  bile-pigmentft 
and  the  secretion,  after  a  short  time,  of  a  nrine  rich  in  biliverdin  iu 
previously  healthy  geese.  lu  geese  with  extirpated  livers  this  does 
not  occur. 

No  such  experiments  can  be  carried  ont  on  mammalia,  as  they 
do  not  live  long  enough  after  the  operation ;  still  there  is  no  doubt 
that  this  organ  is  the  chief  seat  of  the  formation  of  bile-pigments 
under  physiological  conditions. 

In  regard  to  the  materials  from  which  the  bile-acids  are  pro- 
duced, it  may  be  said  with  certainty  that  the  two  components, 
glycocoll  and  tanrin,  which  are  both  nitrogenized,  are  formed  from 
the  protein  bodies.  In  regard  to  the  origin  of  the  non-nitrogenized 
cholalic  acid,  which  was  formerly  considereil  as  originating  from 
the  fats,  we  know  nothing  i>ositively. 

The  blood-coloring  matters  are  considered  as  the  mother-sub- 
stance of  the  bile-pigments.  If  the  identity  of  hffimatoidin  and 
bilirubin  was  settled  beyond  a  doubt,  then  this  view  might  be  con- 
sidered as  proved.  Intlepepdently,  however,  of  this  identity,  which 
is  not  admitted  by  all  investigators,  the  view  that  the  bile-pigments 
are  derived  from  the  blood-coloring  matters  has  strong  arguments 
in  its  favor.     It  has  been  shown  by  several  experimenters  that  a 

'PflOger-B  ArcU.,Bd.  9. 

'  Cit.  from  Stadfllmann,  Der  Icterus,  etc. 

*  Arcli.  f.  exp.  Path.  u.  Phann.,  Bd.  IB. 

•  Ibid.,  Bd.  ai 
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^rcnoir  or  yelloviah-red  pii^ent  can  be  formed  from  the  blood- 
coloring  matters,  which  givcB  Ouelin'h  test,  and  which,  though  it 
may  not  form  a  roniplotc  blle-pigmcnt,  is  at  loast  a  step  in  its 
foriDBtiao  {Latsciiesueiujeh').    A  further  proof  of  the  formation 
of  the  hilo-pigmouta  from  tho  hlood -ooloring:  iiuitterB  cotwiatB  lu  the 
fact  that  hfpmatin  yields  urobilin,  wliich  is  identical  with  hydro- 
bilinibin,  on  reduction  (Hupce-SutlLKH  and  others).     Other  invca- 
tigaiors  (JCtNcKt  imd  Sikbhk  and  Lk  Xokki,')  claim   that  the 
rabstance  thus  obtained  ia  not  true  urobilin,  bnt,  aU  things  consid- 
ered, it  aeetns  to  bo  8o  very  nearly  related  that  this  relationship  can 
be  considered  as,  a  proof  of  the  formation  of  bilirnbin  from  blood- 
pigments.     Farther,  h.tmatoporphyrin  (sec  page  \\\)  and  bilirnbin 
are  isomers,  according  to  Nenc Ki  and  Sikbbk,  and  nearly  allied. 
The   formation   of   bilinihin    from   the  bloiKl-coIoring  matters  is 

»  shown,  according  to  the  observations  of  several  investigators,*  by 
the  appearance  of  free  h»moglobin  in  th<"  plasma — ^prodnced  by  the 
dentmction  of  the  red  cjirpnscles  by  widely  differing  influences  (see 
below)  or  by  the  injection  of  hipmoglobin  solntion— causing  an 
increased  formation  of  bile-pigments.  The  amonnt  of  pigments  in 
the  bile  is  not  only  comtidernbly  increa.(ted,  but  the  bile-pigments 
may  oven  pass  into  the  urine  under  certain  circumstances  (ictonis). 
After  the  injection  of  ha;maglohiu  solntion  into  a  dog  either  snbcu- 
taneously  or  in  the  peritononl  cavity,  STAnHLMANS  and  Ooao- 
DBCKi '  observed  in  the  secretion  of  pigmentu  by  the  bile  an  increase 
of  61;t  which  lusted  for  more  than  twenty-four  hours. 

If,  then,  iron-free  bilinihin  is  derived  froi..  the  ba-niatin  con- 
taining iron,  then  iron  must  bo  split  off.  This  process  may  be 
represented  by  tho  following  formnla,  according  to  Nencki  and 

SiBBBB,* 

C„U„N,0,Fe  -f-  Sn.O  -  Fe  =  2C,.H„N,0^ 

tfaoagli  in  reality  it  ia  probably  more  complicated.  The  qoestion 
in  what  form  or  combination  the  iron  is  split  of!  is  of  special 
interest,  and  also  whether  it  is  eliminated  by  the  bile.  Thi»  latter 
does  not  seem  to  be  the  coho.  In  100  parts  of  bilirubin  which  ore 
eliminated  by  the  bile  there  are  only  1. 1-1..'}  parts  iron,  aooording 

'L.C. 

*  Sea  CbapMf  VI  on  the  bland,  p.  1-U. 

*  See  Suidelinunn.  Der  Ictenu.  «ic. 
'AKb.  i.  exp.  Pull.  u.  Pbarm.,  Ud.  34. 
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to  Kukkbl';  while  100  parts  lisematin  contain  aboat  9  parts  iron. 
Minkowski  and  Basebin*  have  also  foand  that  the  abandant 
formation  of  bile-pigments  occnrriDg  ia  poisoniDg  by  arseniaretted 
hydrogen  does  not  increase  tbe  quantity  of  iron  in  the  bile.  The 
qnantity  apparently  does  not  correspond  with  that  in  the  decom- 
posed blood-coloring  matters. 

On  the  contrary,  it  seems  as  if  the  iron,  at  least  for  a  time,  n 
retained  by  the  liver  as  a  pigment  rich  in  iron.  Such  a  pigment 
containing  iron,  which  was  formed  by  tbe  decomposition  of  haemo- 
globin,, was  observed  by  Naunyn  and  Minkowski  *  in  the  livers  of 
birds,  in  arseninretted  hydrogen  icterus.  Latschenbekqeb  * 
claims  that  a  yellow  or  yellowish-red  pigment,  "  ckoleghbin^'''  Ib- 
derived  from  tbe  blood-coloring  matters,  and  acts  as  a  step  in  the 
formation  of  the  bile-pigments;  and  besides  this  he  mentions 
another  body  consisting  of  dark  grains  and  containing  iron,  which 
he  designates  as  melanin.  Neumann  *  has  observed  in  blood 
extravasations  and  thrombi,  besides  hsematoidin,  a  pigment  con- 
taining.iron,  for  which  he  has  proposed  the  name  hfematosiderin. 

Wliat  relationship  does  the  formation  of  bile-acids  bear  to  the 
formation  of  bile-pigments  ?  Are  these  two  chief  constituents  of 
the  bile  derived  BimtiltaneouBly  from  the  same  material,  and  can  we 
detect  a  certain  connection  between  the  formation  of  billrabin  and 
bile-acids  in  the  liver?  The  investigations  of  Stadelmann'  teach 
UB  that  this  is  not  the  case.  With  increased  formation  of  bile- 
pigments  the  bile-acids  decrease  and  the  supply  of  hEemoglobin  to 
the  liver  acts  iti  strongly  increasing  the  formation  of  bilirubin,  but 
simultaneously  strongly  decreiises  the  production  of  bile-acids. 
According  to  Stadeluann  the  formation  of  bile- pigments  and  bile- 
aeida  is  due  to  a  special  activity  of  the  cells. 

An  absorption  of  bile  from  the  liver  by  the  lymphatic  vessels 
and  the  passage  of  the  bile  conBtltuents  into  the  blood  and  urine 
occurs  in  retarded  discharge  of  the  bile,  and  usually  in  different 
forms  of  hepatogenic  icterus.  But  bile-pigments  may  also  pass  into 
the  urine  under  other  circumstances,  especially  in  animals  where  a 

I  PflQger'B  Arch..  Bd.  14.  S.  358. 

»  ArcL.  f.  exp.  Patli.  u.  Pbarrn.,  Bd.  28. 

» L.  c. 

*lJjid. 

»  Vircbow's  Arcli..  Bd.  111. 

•  Der  Icterus,  etc 


aolation  or  destniction  of  tlie  red  btooiI-coqtnBcles  taken  place 
throagh  injection  of  water  or  a  mlutioti  of  biliary  saltn,  throtigh 
poisoning  by  ether,  cbloroform,  araeninrettcd  hydrogen,  phoBphorns, 
or  toluylendtiunin;  and  in  other  cams.  This  occnrs  also  in  man  in 
grave  infections  diseases.  We  have  thoreforo  a  gcconij  form  of 
icterui,  in  which  the  blood -coloring  tnattcra  are  tranaformed  into 
bile-pigments  elsewhere  than  in  the  liver,  namely,  in  the  blood^— a 
hfwtiia/ogeiiir  or  anhtpaiogemc  xeUrtts.  The  occurreuco  of  a  hfcma- 
togenic  icterus  has  been  mode  very  probable  by  the  invostigationa 
of  iliKKowsKi  and  Navnyx,  AFANAaaiifw,  Silbebmann,  and 
ecpecially  Stadblmanh.*  This  statement  baa  been  proven  in  cer- 
tain oC  the  abore-nicntioned  cams,  u  after  poisoning  with  phoe- 
phurua,  toluylendiamia,  and  urseuinretted  hydrogen,  by  direct 
'experinieut. 

The  ict«rn8  is  also  in  tlieae  ca^es  heptogonic;  it  depends  npon 
an  absor])tion  of  bile-ptgtnents  from  the  lirer,  and  thia  abtorptioD 
aeemd  to  originate  in  the  different  ciises  in  somewhat  different  ways. 
TboB  the  bile  may  be  viacoua  and  canse  a  stowing  of  the  bile  by 
connteructing  the  low  secretion  presaare.  In  other  cases  the  fine 
biliary  passages  may  be  compressed  by  an  tibnormal  swelling'  of  the 
liver-cella,  or  a  catarrh  of  the  bile-pasitagees  may  occur  causing  a 
stowage  of  the  bile  (Stadelmaks).  The  other  forms  of  so-culled 
iuumutogeiuc  icterus  are  now  exphiiued  iu  uu  analugouii  wuy. 

Bile  Conoretions. 

The  oonorement£  which  occur  iu  tiie  gall-bludder  vary  consider- 
ably in  size,  furm,  and  number,  uud  are  of  three  kinds,  depending 
npon  the  kind  and  nature  uf  lUe  budien  formiug  their  cliief  mass. 
One  group  of  gall-stones  contains  limu-pigmuiit  as  chief  constituont, 
the  other  choleeterin,  ant)  the  third  caluiiim  carbonate  aud  pbos- 
pbatc.  The  concrements  of  tlit>  luijL-mmitiuued  group  occar  very 
eldom  in  man.  The  no-called  cboleeterin  sloues  arc  those  which 
occur  most  frequently  in  man,  while  the  Hme-pi^ient  stones  are 
not  fonnd  ver)-  often  in  man,  but  often  in  oxen. 

T\w.  piiimmi-ttimeit  are  generally  not  large  in  man,  but  in  nxen 
and  pigB  they  are  sometimes  found  the  aize  of  a  walnut  or  oven 
larger.     In  most  oaaes  they  consist  chiefly  of  bUirubin-calcinm  with 

'  Th»  ttt«<r]itiin>  bflitiiiriDf;  u>  this  mibjeci  is  foand  la  SMdelmann,  Der 
ktenut  etc.  Stuttean,  1801. 


2-iS  TBE  LIVER. 

little  or  DO  biliverdin.  SometimeB  aUo  small  black  or  greeoiBh 
black,  metallic-looking  stonea  are  foand,  whicli  consist  cliieSy  of 
bilifDscin  along  with  biliverdia.  Iron  and  copper  seem  to  be 
regular  constituents  of  pigment-stones.  Manganese  and  zinc  have 
also  been  found  a  few  cases.  The  pigment-stones  are  generallj 
liearier  than  water. 

The  cholesterin-stones,  whose  size,  form,  color,  and  stractnre 
may  vary  greatly,  are  often  lighter  than  water.  The  fractured 
surface  is  radiated,  crystalline,  and  frequently  shows  crystalline, 
concentric  layers.  The  cleavage  fracture  is  waxy  in  appearance, 
and  the  fractured  surface  when  rubbed  by  the  nail  also  becomes  like 
wax.  By  rubbing  against  each  other  in  the  gall-bladder  they  often 
become  faceted  or  take  other  remarkable  shapes.  Their  sarface  is 
sometimes  nearly  white  and  waxlike,  but  generally  their  color  is 
variable.  They  are  sometimes  smooth,  in  other  cases  they  are 
rough  or  uneven.  The  quantity  of  cholesterin  in  the  stones  varies 
from  G-i3-981  p.  m.  (Rittek').  The  cholesterin-stones  also  some- 
times contain  variable  amounts  of  lime-pigments  which  give  them 
a  very  changeable  appearance. 

Cholesterin,  C„n„0,  or,  according  to  ObermCller,  C„n„0. 
Cholesterin  is  generally  considered  as  a  monatomic  alcohol  of  the 
formula  C„H„.OII.  According  to  the  investigations  of  Ober- 
mCllek,*  who  has  analyzed  several  cholesterin  compounds,  it  seems 
that  the  formula  is  rather  C„H,^01I.  It  yields  a  colored  hydro- 
carbon, ch ol eater il in,  with  concentrated  sulphuric  acid,  and  this 
hydrocarbon  is  claimed  by  Weyl  '  to  be  closely  related  to  the 
terpeue  group.  Cholesterin  is  also  claimed  to  be  closely  allied  to 
chololic  acid. 

Cholesterin  occurs  in  small  amounts  in  nearly  all  animal  fluids 
and  juices.  It  occurs  only  rarely  in  the  urine,  and  then  in  very 
small  quantities.  It  is  also  found  in  the  different  tiasaes  and 
organs — especially  abundant  in  tlie  brain  and  the  nervoos  system, 
— fui-ther  in  the  yolk  of  the  egg,  in  semen,  and  in  wool-fat  (together 
with  isocholesteriu).  It  appears  also  in  the  contents  of  the  intea* 
tiue,  in  excrements,  and  in  the  meconium.  It  occurs  pathologi- 
cally especially  in  gall-stones,  as  well  as  in  atheromatous  cysts,  in 
pas,  in  tubercalous  masses,  old  transudations,  cystic  fluids,  spntnm, 

'  Journal  de  Tanat.  et  de  la  plijaiol.,  1672. 

*  Dq  BoU-RermoDd'B  Arch..  1889,  and  Zeitschr.  f.  physiol.  Chem.,  Bd.  IS. 

«  Ibid..  1886,  S.  183. 


CHOLBBTERIN. 


Sift 


anij 


I 


&iid  tamors.  Soreml  kinds  of  cliolcsterin  seem  to  oconr  io  tbe 
plant  irorld. 

Choleeterin  wbioh  crystallizes  from  vann  alcohol  oii  cooling, 
and  that  vhioh  is  prcEcnt  in  old  tnuisudatione,  contains  1  mol.  of 
water  of  crvstjillizatioii,  melts  At  143°  C,  and  formtt  colorleHK,  tnins- 
liarent  plates  wIiobo  sides  and  angles  frequently  appear  brrtketi  and 
v)ji»e  acQto  angle  is  often  76°  30'  or  t!7°  30'.  In  large  qaaaitiUee 
it  appears  as  a  mass  of  white  pIutoH  whioh  sliiue  like  mother-of-peurl 
and  have  a  greasy  feel. 

Choletiterin  is  insoluble  in  water,  dilute  acida  and  alkalies.  It 
is  neither  di^olved  nor  changed  by  Imiliug  cuuetic  alkali.     It  is 

;Uy  eohible  Id  boiling  alcohol,  and  uryatallizcs  on  cooling.  It  dis- 
ives  readily  in  ether,  cliloroform,  and  iienzol,  and  also  in  the 
Volatile  ur  fatly  oils.  It  ifi  diesolved  to  a  sliglit  extent  by  alkali 
salts  of  the  bile-acids. 

Among  the  many  conibinations  of  cholestorin  studied  by  Obrh- 


I 
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intereet.  This  \&  used  in  tlio  dotoc:t.iun  of  cholesLerin.  For  ihe 
debectioQ  of  cholestorin  we  make  uso  of  its  reaction  with  concea- 
troted  stdphurio  acid,  which,  ae  above  stated,  gives  a  colored  hydro* 
<oarbou  with  tliis  acid. 

If  a  miitnre  of  live  part^  snlphnric  acid  and  one  part  water  acts 
on  a  chole.'jtenn  iTystal,  this  cryiiLid  will  sliow  colored  riugK,  llrvt  a 
bright  onmiine-red  and  thou  violet.  This  fact  is  made  nse  of  in 
tbe  niicroBCopic  detection  of  choteutorin.  Another  to«t,  and  one 
tery  good  f»r  the  microscopioal  dotceuon  nf  cholefitorin,  oousiala  in 
treating  the  cryslaltt  ftr^t  with  Uic  above  Uihite  acid  iiud  then  with 
some  iodine  solution.  The  crystals  will  be  gradually  colorod  violet, 
hlnish  green,  and  a  beautiful  Iduo. 

Salkowhki*s'  Rtat^tUm. — The  cholesterin  is  dissolved  in  chloro- 
form and  then  treated  with  an  equal  volitme  of  concentrated  snl- 
phnric  acid.  The  cholcatcrin  solution  becomes  first  blnish  red, 
then  gradually  more  TJoUt-rod,  while  the  sulplutric  acid  appears 
dark  red  with  a  greenish  duorescence.  If  the  chloroform  solution 
is  ponred  into  a  poroohun  dish  it  becomes  violet,  then  green,  and 
finally  yellow. 

Lii!itr.RUANK-BL'iu:UARD*R*  lUaction. — ^Dissolretheclioleaterin 

'L.C. 

*  rtlQgvir'a  Arch..  Bd.  «. 

'  r,  I.ipbermnnn,   Ber.  d.  dPuWcli.  chwn,  «fl»rll*ch.,  TIH    18.  S,  1805. 
BurcbKrd,  HeitTOjje  xur  KeiiEilDias  <ler  Cboleatcrin«.    Uostock,  ltM8. 
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in  aboat  3  c.c.  chloToform  and  atjd  firat  10  drops  acetic  anhy-. 
dride  and  then  concentrated  Biilphoric  acid  drop  by  drop.  The 
mixture  will  first  be  beantifiil  red,  then  blue,  and  finally,  if  not  too 
mach  cholesterin  or  sulphuric  acid  is  present,  a  permanent  green. 
In  the  presence  of  rery  little  cholesterin  the  green  color  may 
appear  immediately. 

Pure,  dry  cholesterin  wheo  fased  in  a  tesUtnbe  over  a  low  Same  with  S  to 
^  dropa  propionic  nnhjdride  yields  a  mass  which  on  cooling  ie  first  violet,  then 
blue,  green,  orange,  carmine  red,  and  finally  copper-red.  It  is  best  to  re-fuse 
the  mass  on  a  glass  rod  and  then  to  observe  the  rod  on  cooling,  holding  ic 
against  a  dark  background  (Obbrmulleh).' 

ScifiFP's  RttwtioH.  If  a  little  cholesterin  is  placed  in  a  porcelain  dish  with 
the  additioD  of  a  few  dmpn  of  a  mixture  of  two  to  three  vols.  cone,  hydrochloric 
acid  or  sulphuric  acid  and  one  vol.  of  a  medium  solution  of  ferric  chloride,  aod 
carefully  evaporate<l  to  dryness  over  a  small  flame,  a  reddish -violet  residae  is 
first  obtained  and  then  a  bluish  violet. 

If  a  smuU  quantity  of  cholesterin  is  evaporated  to  dryness  with  a  drop  of 
concentrated  nitric  acid,  we  obtain  a  yellow  sjrat  which  becomes  deep  orange- 
red  with  ammonia  or  caustic  soda  (not  a  characteristic  reaction). 

IiooholMtorin.  This  body,  so  called  by  Scnur^SB,'  is  isomeric  with  the 
ordinary  cholesterin  and  occurs  in  wool-fat,  and  is  therefore  fpiind  in  abundant 
quantities  in  so-called  lauolin.  It  does  not  give  Salrowski's  reaction.  It 
meiTsatI36-138°.S. 

Wo  make  use  of  the  so-called  cholesterln-stones  in  the  prepara- 
tion of  cholesterin.  The  powder  is  first  boiled  with  water  and  thei. 
repeatedly  boiled  with  alcohol.  The  cholesterin  which  on  cooling 
separates  from  the  warm  filtered  solution  is  boiled  with  a  solution 
of  caustic  potash  in  alcohol  so  as  to  siiponify  any  fat.  After  th 
evaporation  of  the  alcohol  we  extract  the  cholesterin  from  the 
residue  with  ethor,  by  which  tiie  soups  are  not  dissolved,  filter, 
evaponite  the  ether,  and  purify  the  cholesteriu  by  recrystalliiation 
from  alcohol-ether.  Tlie  cimlestcrin  may  be  extracted  from  tiasoeB 
and  fluids  by  first  extracting  with  ether  and  then  purifying  as 
above. 

It  is  detected  and  determined  quantitatively  in  tissue,  etc.,  by 
this  same  method.  It  is  ordinarily  easily  detected  in  transudations 
and  pathological  formations  by  means  of  the  microscope. 

'  I.,  c. 

*  Ht>r.  d.  (leutsch.  chern.  Oesellcli.,  Bd.  6;  Journal  f.  prakt.  Chem.,  N.  F. 
Bd,  -ZTi,  S.  468;  and  Zeitschr,  f.  physiol.  Cbem.,  Bd.  14.  S.  .532.  See  also  K. 
Schulze  and  J.  Barbieri.  Journal  f.  prakt.  Chem.,  N.  F.  Bd.  35,  S.  150. 


CHAPTER  IX. 

DIGESTION. 

The  purpose  of  the  digestion  is  to  separate  those  constitaents 
of  the  food  which  serve  as  the  untriment  of  the  body  from  those 
which  are  useless,  and  to  separate  each  i&  sach  a  form  that  it  may 
be  taken  up  by  the  blood  from  the  alimentary  cauul  and  employed 
for  the  Yarions  purposes  in  the  organism.  This  demands  not  only 
mechanical  but  also  chemical  action.  The  first  action,  which  is 
essentially  dependent  upon  the  phyaical  properties  of  the  food,  con- 
aists  in  a  tearing,  cutting,  crushing,  or  grinding  of  the  food,  and 
serves  chiefly  to  convert  the  nutritive  bodies  into  a  soluble  and 
easily  absorbed  form,  or  in  the  splitting  of  tlic  same  into  simpler 
combinations  for  use  in  the  animal  synthesis.  The  sotntiou  of  t)ie 
nutritive  bodies  may  take  place  in  certain  cases  by  the  aid  of  water 
alone,  but  in  most  cases  a  chemical  metamorphosis  or  splitting  is 
necessary,  and  is  effected  by  means  of  the  acid  or  alkaline  fluids 
secreted  by  the  glands.  Tlie  study  of  the  processes  of  digestion 
from  a  chemical  standpoint  must  therefore  begin  with  the  digestive 
fluids,  their  qualitative  and  quantitative  composition,  as  well  as 
their  action  on  the  nutriments  and  foods. 

I.  The  Salivary  Glands  and  the  Saliva. 

The  salivary  glands  are  partly  albuminous  glands  (as  the  parotid 
in  man  and  mammalia  and  the  submaxillary  in  rabbits),  partly 
mucous  glands  (as  some  of  the  small  glands  in  the  buccal  cavity  and 
the  sublingual  and  submaxillary  glands  of  many  animals),  and 
partly  mixed  glands  (as  the  submaxillary  gland  in  man).  The 
alveoli  of  the  albumin-glands  contain  cells  which  arc  rich  in 
albumin,  but  contain  no  mucin.  The  alveoli  of  the  mucin-glands 
contain  cells  rich  in  macinogen  or  mucin  bat  poor  in  albumin. 
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('ells  rich  in  protoid  oIbo  ocMsnr  in  tlio  sabmaxillarj  aud  Bubliogual 
glands  botwcoii  tbo  miicons  cella  and  the  membrana  propria,  which 
in  A  few  cases  takes  the  form  of  a  oresceot  (Uinula,  according  to 
Glancxzi),  and  m  other  citses  the  cells  rich  in  iitucin  are  5ur- 
ronndcd  as  by  a  ring,  and  somctimee  certain  alveoli  may  be  com- 
ptctcly  filled.  Ity  continaoiig  secretion  tlic  macin-oelU  seem  to  give 
np  all  their  mnoin  (Kw^lei,  Si'our),  bo  that  only  albumiu-uells  are 
to  be  Been  (IIeiukniiain  ').  Dnring  rest  the  mncin  is  re-formed. 
According  to  the  analyses  of  OimuAKN  '  the  aalivary  glands  of  u 
dog  ooutain  7\iO  p.  m.  water,  200  p.  m.  orgaulc  mad  10  p.  a. 
iuorgBuic  solids. 

Among   the   solids  wo   find  muein^  prottidsy  amongst   which 
niiclmalhttmin  or  niicteoprotetd,  nuclein,  diasiatic  entf/nid  and  ita' 
zi/moffen,*   beaiiles  extractive   bodxeg,   ieuein,   xanthin    bmes,   aod 
mineral  suhtnrices. 

Tlie  saliva  is  a  mixture  of  the  secretion  of  the  obore-mentioued 
groupti  of  glands;  therefore  it  is  proiier  that  we  first  study  each  ol 
the  dilTerciit  secr^^tions  by  itttelf,  and  then  the  mixed  saliva. 

The  sabmaxillary  s&Liva  in  man  may  Im  easily  oollectod  by  intro- 
ducing a  cainila  tliroiigli  tlio  pa]iillary  opening  iuio  Wharton's  ducU 

The  snbmaxillary  saliva  has  not  always  the  same  composition  or 
properties;  tliis  depends  eeseut-ially  upon  the  conditions  under 
which  che  secretion  takes  pliu^e.  That  is  to  say,  the  secretion  is 
partly  dejiendent  on  the  nerebral,  partly  on  the  sympathetic,  ner- 
vona  system.  In  conKequonc-c  of  tliis  dependence  the  two  distinct 
varieties  of  stihmaxillani-  secretion  are  distingnished  as  rJtordu-  and 
eifiHitathetic  saliva.  A  third  kind  of  saliva,  the  so-cidled  pnraitffic 
safiva,  is  aecreteil  after  poisoning  with  citrara  or  after  the  severing 
of  tlie  glnridnlar  nerves. 

The  difTcrence  between  chorda-  and  sympathetic  saliva  (in  doga) 
consist-s  chiefly  in  their  quantitative  constitution,  namely,  the  leas 
abundant  Ryti\pathetic  salira  is  more  viscous  and  richer  in  aolida, 
eFpeoially  in  mucin,  than  the  more  abundant  chorda-saliva.  The 
specific  gravity  of  the  chorda-saliva  of  the  dog  is  1.0039-1.005G  and 


'  Id  rv^nl  tr>  ib«8»  oondllioiia  see  wxUbooki  on  histology  nd  ilie  utleW 
"Di«  AbM»idvruagsvorglUig«"  bj  Heiduukaiu  (a  H«rnuuiB'ii  [l«udt>uvli  dtr 
Plijsioliigie.  Bd.  A.  S  K, 

*  CU.  from  Onnip  ikjuuiM,  l^lirhach  d.  pK}-a)al.  Chfltn.,  4.  Aufl.,  8.  78L 
Tb«  figuras  tliere  givnn  smount  to  1010  (wrUi  IdiImuI  of  1000  ptrta. 

1  Sot  «|>acia]ly  Warren,  C-eutralbl.  t.  Fli^siol.,  Bd.  8,  tt.  SlI. 
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oontains  from  12-14  p.  m.  boIMs  (Eckhabd').  The  sjmpathetio 
has  ft  specific  grarity  of  l.U075-l.Ulb,  with  UJ-iS  p.  m.  eoliils. 
Tho  gaties  of  tlio  chonla-saUva  hure  boon  investigated  by  PflCuer.* 
He  found  0.5-O.tf5f  oiygon.  O.n-1*  nitrogen,  and  G4.73-S5.i:W 
cubon  dioxide — alt  ragnlts  calculated  at  0°  C.  and  7tiO  mm.  pros- 
snre.  The  greater  part  of  tho  carbon  dioxide  was  cboniically  com- 
bined. 

The  two  kinds  of  Bubmaxillary  Eocrocion  just  named  hare 
not  thns  far  been  separately  atndiod  in  man.  The  gccretion 
may  be  excited  by  a  moral  emotion,  by  miisticiitioti,  and  by 
irritating  the  macoua  membrane  of  the  moutb,  etqieoiully  with 
acid-tasting  sabstancee.  The  submaxillar^'  saliva  in  man  is  ordi- 
narily  olear,  rather  thin,  a  little  ropy,  and  froths  easily.  Its  reao* 
tion  itt  alkaline.  The  specitlc  gravity  is  l.O0'4~I.O03,  and  it 
contains  3.0-4.5  p.  m.  Bolids.*  We  find  as  organic  constituents 
mncin,  traces  of  proteid  uitd  diastiitic  eniiyme,  which  is  absent,  in 
several  speciesofaniiiiuls.  The  itKirgiinic  bodies  arc  ulkali  chlorides, 
sodinm  and  niiigneaium  phosphates,  besides  bicarhonates  of  the 
alkalies  and  calcium.  OenL'  liiidti  0.0.30  p.  m.  potuestnni  snlpho- 
eyanide  in  thia  saliva. 

The  Satlingual  Saliva. — The  seoretion  of  this  nUivu  is  hIro 
iufinenceil  by  the  cerebral  and  the  liymiwithetic  nervotia  syfltem. 
The  chord  a- saliva,  which  is  secreted  only  to  a  small  extent,  con- 
tains nnmerons  salivary  oorpiiscles,  hut  is  otherwise  transpiirentand 
very  ropy.  Its  re;iction  is  alkaline  and  contains,  according  to 
IlEimiNHAls,*  *37..5  p.  m.  solids  {in  doga). 

The  snblingiial  secretion  in  man  hot;  heen  investlgutcd  by 
Obhi..*  It  was  clear,  mncili^inona,  more  nlkaline  than  the  sub- 
maxillary Bidivik,  and  cout&ineil  mucin,  diiutatie  enziyme,  and  putas- 
^nm  dnlphocy.inide. 

Bocoal  mucus  can  only  be  ohtained  pure  from  animals  hy  the 
methdl  of  RinnKH  and  ScnirinT,  which  consists  in  tying  the  exit 
to  all  the  large  salivary  glands  and  cutting  oif  their  secretion  from 
the  month.     The  quantity  of  liquid  secreted  under  these  oireum- 

'  CiL  from  Knbne,  lichth.  d.  pbjrslol.  Chem..  S.  7. 
•  PtIDg«-'ii  Arch.  Bd.  I. 

'ile«   Malv,    Chetnle   d«>r  VenIaQuDg«Bftfti>  iinrl   d«r   V^rdKUDUjf   In  Her- 
vataa't  Uiio<li>..  Bd.  5,  Tk  3.  S.  18. 

«CuiaiaU-ti.rahraitH)r)chtd.  M^..  1860,  1,  S.  130. 
'  dtudlen  d.  pbTilol.  IiLa;)luls  zu  BredftU,  Hetl  i. 
•Ue. 
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stauces  (in  dogs)  was  so  very  email  that  the  iDrestigatora  named 
were  able  to  collect  ouly  2  grms.  buccal  mucns  in  the  course  of 
twenty-four  houra.  It  is  a  thick,  ropy,  sticky  liquid  containing 
mucin;  it  is  rich  in  form -elements,  above  all  in  flat  epitheliam- 
cells,  mucous  cells,  and  salivary  corpuscles.  The  quantity  of  solids 
in  the  buccal  mucus  of  the  dog  is,  according  to  Bidder  and 
Schmidt,'  fl.98  p.  m. 

Parotid  Saliva.  The  secretion  of  this  saliva  is  also  partly 
dependent  on  the  cerebral  nervous  system  (n.  glossopharyngena) 
and  partly  on  the  sympathetic.  The  secretion  may  be  eicited  by 
mental  emotions  and  by  irritation  of  the  glandular  nerves,  either 
directly  (in  animals)  or  refleily,  by  mechanical  or  chemical  irrita- 
tion of  the  mucous  membrane  of  the  month.  Among  the  chemical 
irritants  the  acids  take  first  place,  while  alkalies  and  pungent  snb- 
Btancea  have  little  action.  Sweet-tasting  bodies,  snch  as  honey,  are 
said  to  liave  no  effect.  Mastication  has  great  influence  in  the  secre- 
tion of  parotid  saliva,  which  is  especially  marked  in  certuu 
herbivora. 
,  Human  parotid  saliva  may  be  collected  by  the  introduction  of  a 
canala  into  Stenson's  duct.  This  saliva  is  thin,  less  alkaline  than 
the  submaxillary  saliva  (the  first  drops  are  sometimes  neutral  or 
acid),  without  s])ecial  odor  or  taste.  It  contains  a  little  albumin 
but  no  mucin,  which  is  to  be  expected  from  the  construction  of  the 
gland.  It  also  contains  a  diastatic  enzyme,  which,  however,  ia 
absent  in  many  animals.  The  quantity  of  solids  varies  between  5 
and  16  p.  m.  The  specific  gravity  is  1.003-1.013.  Potassium 
siilphocyanide  seems  to  be  present,  though  it  is  not  a  constant  con- 
stituent. KuLz'  found  \AQi  oxygen,  3.2^  nitrogen,  and  in  all 
()0.7^  carbon  dioxide  in  liuman  parotid  saliva.  The  quantity  of 
firmly  combined  carbon  dioxide  was  Q"Z%. 

The  mixed  buccal  saliva  in  man  is  a  colorless,  faintly  opalescent, 
slightly  ropy,  easily  frothing  liquid  without  special  odor  or  taste. 
It  is  made  tnrbid  by  epithelium-cells,  mucous  and  salivary  corpus- 
cles, and  often  by  food  residues.  Like  the  submaxillary  and  parotid 
saliva,  on  exposure  to  the  air  it  becomes  covered  with  an  incrusta- 
tion consisting  of  calcium  carbonate  and  a  small  quantity  of  an 
organic  sabstance,  or  it  gradually  becomes  cloudy.     Its  reaction  is 

>  Die  Verdauun^ss&fte  nnd  der  Stoffwechsel  (Mitaa  aad  Leipilg,  180S), 
8.5. 

*  Zeitschi.  f.  Biologi«,  Bd.  38. 
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alkalinef  but  occuBioually  also  noitl.  Accortliug  to  Sticker,'  fresh 
fialira  tuny  bo  acid  a  few  lioiin*  after  a  ineul.  Two  or  three  lionra 
aft«r  breakfast  aad  foar  to  five  lioura  after  dinner  the  maximnni  of 
acidity  oocun,  and  it  may  also  be  fuiuUy  ucid  froni  midnight  to 
morning.  The  specific  gravity  Taries  between  1.002  and  l.OOS,  and 
tbo  quantity  of  Bolids  between  5  and  10  p.  m.  Ttie  solidt;,  irre- 
spective of  the  forni-ooostitueutH  mentioned,  couttist  of  tUbwuin, 
mucin,  ptyalin,  and  minvrai  bodies.  It  is  also  dainjed  that  wrwi  is 
'1  noriuiil  constittieut  of  tlie  saliva.  The  uinerul  bodius  are  alkali 
cfalorides,  bJcarbouutes  of  tbe  alkalies  and  calcium,  pbospbatee.  and 
tnoes  of  sulphates  and  Bulpboc^-auldes. 

Sulphocyauldes,  which,  nlthongb  not  conBtant,  occnr  in  the 
•atiraof  nian  and  certain  aiiinisU,  may  be  easily  detecteil  by  tirst 
acidifying  tlie  saliva  with  hydrochloric  acid  and  treating  with  a  very 
dilate  t<oltition  of  ferric  oliloride.  To  make  the  test  more  concluttive 
it  is  beat,  as  eoiilrol,  to  take  au  eiiual  iiuaniity  of  uciUified  wiiter 
and  then  add  ferric  chloride.  Another,  simpler  method,  propo-md 
by  OscHKtnr.BS,*  consists  in  putting  in  a  drop  or  two  of  the  saliva 
ou  61t«r-jiaper  whioh  has  prevtoiiely  been  dipperl  in  an  amber- 
oolored  solution  of  ferric  chloride  containing  hydrochloric  acid,  and 
tiieu  dned.  Kacb  drop  of  saliva  containing  snlpbocyaiiide  wilt 
give  a  reddish  spot.  Lf  tlic  mtantity  of  siilphocyauide  is  so  snnJl 
that  it  cannot  be  detected  directly,  concentrate  the  saliva  after 
the  addition  of  a  little  iiikali,  acidify  strongly  with  hydrochloric 
acid,  and  shake  repeatedly  with  ether,  evaporutiug  the  bitter  after 
tbe  addition  of  water  coutaiuiug  alkuU  over  a  gentle  he;it;  then 
test  tho  roQiaiuiug  liquid. 

Ptyalln,  or  salivary  diastase,  is  the  limylolytic  enzyme  of  the 
■aliva.  This  enzyme  is  fonnd  in  human  saliva,  hut  not  in  tlutt  of 
all  animals.  It  occurs  not  only  in  adults,  bnt  uUo  in  new-born 
infante.  Zwrifel*  claims  that  tlie  ptyalin  in  new-born  infants 
occurs  only  in  the  parotid  gluud,  but  not  in  the  submaxillary.  In 
the  Utter  it  apiiears  only  two  months  after  birth. 

According  to  H.  Goldsh'iimidt*  the  saliva  (parotid  saliva)  of 
the  honw  does  not  contain  ptyalin,  hut  a  zymogen  of  the  same,  while 
in  other  animals  and  man  tbe  ptyalin  is  formed  from  tlie  zymogen 
daring  secretion.      Id   horses   the  zymogen  is  transformed    into 

'  Deutacl).  ni«d.  Zvitung,  I«dll.  (It.  rrom  Ontnilbl.  r   Phymol.,  Bd.  S,  H.  387. 

*  Half's  Jftlireobcr..  Bd.  1.  t?.  01. 

*  fatefBucboDgcD  Qlwrdvii  VenUuuugsappKntt  der  Neugaboruaan.  Ber- 
lin. 1»74. 

•KeitMhr.  f.  phyttlol.  CbeOL,  Bd.  10. 
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ptyiiliii  during  mastication,  and  the  bacteria  seem  to  give  the 
impulse  to  this  change.  During  precipitation  with  alcohol  tha 
zymogen  is  changed  into  ptyalin. 

Ptyalin  has  not  heen  isolated  in  a  pnre  form  ap  to  the  present 
time.  It  can  be  obbiined  purest  by  Cohnheim's'  method,  which 
consists  in  carrying  the  enzyme  down  mechanically  with  a  calciDm- 
pliusphate  precipitate  and  washing  tiie  precipitate  with  water,  which 
disaoWes  the  ptyalin,  and  from  which  it  can  be  obtained  by  precijri- 
tating  with  alcohol.  For  the  etudy  or  demonstration  of  the  action 
of  ptyalin  we  may  use  a  watery  or  glycerin  extract  of  the  saliraij 
glands,  or  simply  the  Buliva  itself. 

Ptyalin,  like  other  enzymes,  is  characterized  by  its  action. 
This  consists  in  converting  starch  Into  dextrin  and  sagar.  In 
regard  to  the  jirocess  going  on  in  this  conversion  we  are  not  qsita 
clear.  In  general  it  may  be  described  ns  follows:  In  the  first  stigci 
soluble  starch  or  amidnlin  is  formed.  From  this  amidulin, 
erythrodextrin  and  sugar  are  produced  by  hydrolytic  cleavage. 
The  erythrodextrin  then  splits  into  «-achroodextrin  and  eagar. 
From  this  achroodextrin  by  splitting  /?-achroodextrin  and  sngar  are 
formed,  and  finally  this  /J-acliroodextrin  splits  into  sugar  and  y 
achroodextrin.  .Vccording  to  a  few  investigators  the  number  irf 
dextrius  formed,  iis  intermediate  steps  is  different.  It  is  only  within 
a  very  short  time  that  we  have  been  made  clear  as  to  the  ktodt^ 
sugar  produced  in  this  process.  For  a  long  time  it  was  considerrf 
that  dextrose  was  the  sugar  formed  from  starch  and  glycogen,  bnt 
SEEfiEx'  and  O.  N.\sse'  have  shown  that  this  is  not  tme. 

SIi'soLiLUs  and  v.  MRuijjr, '  have  shown  that  the  sugar  formed 
by  the  action  of  saliva,  iimylopsin,  and  diastase  upon  starch  and 
glycogen  is  in  grejitcst  part  maltose.  This  has  been  substantiated 
by  liHowN'  and  Iliortox.'  Lately  F.  Kin./,  and  J.  Vooel'  ha« 
demonstrated  that  in  tlie  saccharification  of  starch  and  glycogen 
isomaltoso,  mjiltoBe,  mid  some  dextrose  are  formed,  the  varying 
tiuantitics  depending  upon  the  amount  of  ferment  and  length  of 

'  Viri:how'H  .Arch.,  Bd.  28. 

'  (Vnlrallii.  f.  d.  niwl.  Wissenscli.,  1876,  9.  851,  and  PflOger'a  Arch.. 
Bd.  19. 

»PmiK'T'fl  Arch..  Bd.  14. 
*Zeir«chr.  f.  iiliy.«iol  Chem.,  Bd.  3. 
'  I.iehi^r-s  Aniiak-D,  Bdd.  199  and  301. 
<  Zuitsclir.  r.  Biulo^e,  Bd.  31. 
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time  of  digestion.  As,  aocording  to  TBitit,'  the  Balirary  glaiitla,  as 
weli  as  the  ptmcrens,  contain  an  inverting  enzyme,  it  'i»  ^till  un- 
decided whether  the  formation  of  dextnise  ia  due  to  the  diiifitatic 
enzyme  or  to  the  inTertin  alone.  Aoconliug  to  KOnMANN  ond 
If  AiHiii'iir.KK'  the  saliTa  cnntaiiiH  iliastaKe  and  glncase.  The  ^ama 
ia  true  for  the  [lancreatic  juice  and  intefitinal  juii^e.  In  relation  to 
the  blood-serum  all  tLv-«  secretions  are  relatively  poor  in  glucaae, 
and  this  is  ettpecially  tnie  for  miliva. 

PtyoJin  is  not  identical  with  mult  dtaetuse.  It  ia  most  aotivo  at 
about  ~f- 40°  C,  vhile,  according  to  Cuittkn'obn  and  Mabtin,' 
LiNTKER,  and  KcKnARD,*  mult  diuatase  in  raoet  active  at  +  JSO°  to 
55°  C. 

The  action  of  ptjalin  in  various  renctions  has  been  the  sabjoDt 
of  nnmcrouB  iuveatigatioiis/  Xtiturally  the  ulkaliuc  salivu  is  very 
active,  hut  it  is  not  as  active  as  when  iientnd.  U  nmy  he  stilt  more 
Acitiro  under  circn instances  in  fuinUy  ucid  roaotion,  and  occordiag  to 
CiiiTTENiiKN  and  Smith  it  acta  hetter  wheu  enough  hydriKrhlorio 
acid  ia  added  to  saturate  the  proteidit  present  than  when  ouly  simply 
nentrali^ed.  When  the  acid  oombiiied  proteid  exceeds  a  certain 
ntnouiit,  then  the  diaatatic  action  in  diminislied.  The  iiildition  of 
allcali  to  the  saliva  decreaua  its  diastatio  action;  on  neutralizing  the 
alkali  with  acid  or  carbon  dioxide  the  retarding  or  preventive  nction 
of  the  nlkali  h  arrested.  According  to  SriiiKKBUrK  carbon  dioxido 
hu  an  accelerating  action  ia  ueuti-iU  liquids,  wliilo  Eiistium  claims 
that  it  haa  as  b  rule  a  letitrdiDg  action.  Organic  us  well  us  inor- 
ganic ofidfl.  when  odd^^  in  sufficient  qnantity,  may  stop  the  dias- 
latic  action  entirely.  The  degree  of  acidity  necedsary  in  this  case 
ii  not  always  the  same  for  a  certain  acid,  bnt  is  dependent  upon  the 
quantity  of  ferment,  The  same  degree  of  acidity  in  the  presence 
of  large  amounts  of  ferment  has  a  weaker  action  tiian  in  the  prefr- 

•  Joanial  nt  Pbysinl.,  Vul,  )5, 

*  Bvr.  d.  deauch.  clieoi.  Ueat>lU<^li.,  Bd.  27,  and  PAnK^r'a  Arcti.,  Bd.  60, 

*  Siuiilos  rrom  tb«  I.aiMrut.  ut  Plivaiol.  Cbem,  of  Tale  Collc^.  Vol.  ].  18)36. 
Mourn,  f.  pnibt.  Chem..  N.  F.  Bd.  41, 

•  Stw  ItAmtDBj^u-ii,  Maly'H  Jahresber,  Bd.  I  :  Ch[ttund«>n  and  (Jristvold, 
ibttt .  Bd.  11  ;  lAnglfl^.  Journal  of  I'hj-Hol..  Vol.  3  ;  Nj-lcn,  Maiv'aJa1ir>Hb<-T., 
Hd.  13.  ».  341  ;  CbiUendAa  and  Bly,  ibid.,   S.  312 ;   Uutgflo;  and  Evi>»,  Joar- 

IMiyainV,  Vul.  4  i  (1ii(t0nd«ii  uid  Sniitli,  Vair  l.'ulli-ga  Stadins,  Vol.  ]. 
p.  1 :  John.  Cflntralbl.   f.  kliL.  .Med..  Uil.   13 ;  ScbleslDKer,  Vircbtiw's 
'Anil  ,  Bd.  13*1 :  Slii*!rl>wk.  Skuiid.  Ar«h.  f.  Pbjaiol.,  Bd.  3;  Ebatela  aad  a 
SeliuLta.  Vircb'jw'a  Ardi..  Bd.  13ft. 
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eiice  of  Bmaller  qaancitieB.  Hydrochloric  acid  is  of  special  physio- 
jogical  interest  in  this  regard,  namely,  it  prevents  the  formation  of 
sugar  even  in  very  small  amounts  (0.03  p.  m.).  Hydrochloric  acid 
has  not  only  tlie  property  of  preventing  the  formation  of  sugar,  bat, 
as  shown  by  Langlet,  Nylen,  and  others,  may  entirely  destroy 
the  enzyme.  This  is  important  in  regard  to  the  physiological  sig- 
uificnnce  of  the  saliva.  That  boiled  starch  (paste)  is  qnickly,  and 
unboiled  starch  only  slowly,  converted  into  sugar  is  also  of  in- 
terest. Various  kinds  of  nnboiled  starch  are  converted  with 
different  degrees  of  rapidity. 

The  rapidity  with  which  ptyalin  acts  increases,  at  least  under 
■conditions  otherwise  favorable,  with  the  amount  of  enzyme  and  with 
.an  increasing  temperature  to  a  little  above  +  40°  C.  Foreign  sub- 
stances, such  as  metallic  salts,'  have  different  effects.  Certain  salts 
even  in  small  quantities  completely  arrest  the  action;  for  example, 
llgGl,  accomplishes  this  result  by  the  presence  of  only  0,05  p.  m. 
Other  salts,  such  as  magnesium  sulphat<!,  in  small  quantities  (0.35 
p.  m.)  acceleiHte,  and  in  larger  quantities  (5  p.  m.)  check  the 
action.  The  presence  of  peptone  has  an  accelerating  action  on 
the  sugar  formation  (Chittksden  and  Smjth  and  othera).  The 
accumulation  of  the  products  of  the  amylolytic  decomposition  also 
checks  the  action  of  tlie  saliva.  This  has  been  shown  by  special 
experiments  made  by  Su.  Lea.'  He  made  parallel  experimenta 
with  digestions  in  test-tubes  and  in  dialyzers,  and  found  on  the 
removal  of  the  products  of  the  amylolytic  decomposition  by  dialysis 
that  the  formation  of  sugar  trook  place  quicker,  but  also  that  consid- 
erably more  maltose  and  less  dextrin  was  formed. 

To  show  the  action  of  saliva  or  ptyalin  on  starch  the  three 
ordinary  tests  for  dextrose  may  he  used,  namely,  Moore's  or 
Tkommer's  test  or  the  bismuth  test  (see  Chapter  SV).  It  is  also 
necess:iry,  us  a  control,  to  first  test  the  starch-paste  and  the  aaliva 
for  the  presence  of  dextrose.  The  steps  formed  in  the  transforma- 
tion of  starch  into  amidulin,  erythrodextrin,  and  achroodextrin  may 
be  shown  by  testing  with  iodine. 

The  quantitative  amiposition  of  the  mixed  saliva  mast  vary  con- 
siderably, not  only  because  of  individual  differences,  bnt  also 
because  under  varying  conditions  there  may  be  an  unequal  division 

■  See  O.  Nasne.  Pfln^er's  Arch.,  Bd.  II,  uid  Chittflnden  uid  P&inter,  Talft 
■College  Studies,  Vol.  1.  1885,  p.  62. 
<  Jouni.  of  PhysioL,  Bd.  11. 
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The  qaantily  of  Baliro  s6crot«d  (luring  H  hours  cannot  be 
tly  detormiuoil,  bat  hiw  been  colcalatcd  by  Bluuuh.  and 
llMitrr' to  be  1100-1500  grms.  The  most  nbunilHiit  (Accretion 
occars  during  nieiiL- times.  AccoriJing  to  tho  ciilciilutioug  and 
detenu inatiotia  of  Tuczkk  *  in  man,  I  gnn.  ot  gland  yields  13  grms. 
eecretion  in  the  0(>nr>i«  of  oiiu  hour  during  musttcatioD.  These 
figures  correspond  fiiirly  well  with  tbcKic  ropresonting  the  avemge 
secretion  from  1  grin,  of  gland  in  unimals,  nHtnoIy,  li.'-i  grmi.  in 
the  horse  and  8  gnns.  in  oxen.  The  <|niintity  of  secretion  p&r  bonr 
may  bo  8  to  14  limes  greater  tlmn  the  entire  mtue  of  glunds,  und 
there  is  probably  no  gland  in  the  entire  IkkIj,  hs  far  as  we  know  at 
present — the  kidneys  not  excepte<i — whose  idnlity  of  secretton  under 
phTBioIogicBl  conditions  eqnnls  tJmt  of  the  salivary  glandi^.  A 
remarkitbly  abnndant  seoretion  of  salivii  is  indnced  by  ptlocurpin, 
wliile  atropin,  on  the  contnvry,  prevents  it. 

Tbungh  an  abundant  t^iocretlon  of  stiliva  is  proilnced,  us  a  rnle, 

*  Zeluiclir.  f.  plij^Jol.  Chem..  Bd.  S.  Th*  other  aaalysefl  &»  eitod  from 
Malr,  CliQiDiv  d«r  Vcrdiuiuogs*Jlft«,  llenuKun'a  Unndbucli  d.  Phjsiul.,  Bd.  &, 
Tt-'a.  S.  li. 

'L.e..S.  IS. 

•2eitsckr.  t.  Biologi*.  Bd.  la. 
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by  an  increased  snpply  of  blood,  still  it  is  not  a  simple  filtration 
process,  as  seen  from  the  following  circamstances.  The  secretion- 
pressure  is  greater  than  the  blood-pressare  in  the  carotid,  and  in 
poisoning  by  atropin,  which  paralyzes  the  secretory  nerres,  an 
increasetl  siii)ply  of  blood  is  produced  by  irritation  of  the  chorda, 
bnt  DO  secretion.  The  salivary  glands  have  moreover  a  specific 
proj>erty  of  eliminating  certain  sabstances,  snch  as  potafisinm  ealts 
(Salkowski),'  iodine,  and  bromine  combinations,  but  not  others, 
such  OS  iron  combinations.  It  is  also  noticeable  that  the  saliva  is 
richer  in  solids  when  it  is  eliminated  (juickly  by  gradnully  increased 
irritation,  and  in  larger  quantities  than  when  the  secretion  is  slower 
and  less  abundant  (HEinExiiAiN)/  The  amount  of  salts  increases 
also  to  a  certain  degree  by  an  increasing  rapidity  of  elimination 
(Heidesiiaix,  Werther,*  Lasklet  and  FLEirnEB,'  Xovi*). 

The  chemical  changes  taking  place  during  secretion  are  un- 
known, bnt  it  is  probiible  that,  like  the  secretion  processes  in 
general,  tije  secretion  of  saliva  is  closely  connected  with  the  pro- 
cesses in  the  cells.  The  chemical  processes  going  on  in  these  cells 
during  secretion  are  still  unknown.  llEinExnAix  claims  that  the 
mucin  cells  of  the  submaxillary  gland  are  destroyed  during  secretion, 
and  in  the  i^erioil  of  rest  the  mucin  or  mucinogen  reappears  in  these 
celts.  KwALh'  claims  tliat  they  only  discharge  their  mucin. 
Those  observations  still  do  not  throw  any  light  upon  the  chemical 
pro«*esse?  going  on. 

l^if  Phufiohfjtcal  Importance  of  fhcSaliva.  The  quantity  of 
water  in  the  siUiva  renders  possible  the  effects  of  certain  bodies  on 
the  org:»ns  of  t;wte,  and  it  also  serves  as  a  solvent  for  a  part  of  the 
nutritive  snbsumce?.  The  importance  of  the  saliva  in  mastication 
is  esi»ecially  marked  in  herbivora.  and  there  is  no  qnesiion  of  its 
imi»ortancc  in  facilitating  the  act  nf  swallowing.  The  power  of 
converting  stirch  into  sugar  does  not  L»eiOiig  to  the  saliva  of  all 
animals,  and  even  when  it  jxissesses  this  proi>erty  the  intensity 
Tariei  in  different  animals.  In  man.  whose  s;diva  forms  sugar 
rqiidly.  a  formation  of  sugiir  from  (Iv^iledl  starch  undoubtetily  takes 
place  in  the  month,  but  how  far  this  action  goes  on  after  the  morsel 

"  VirebowV  Arcli..  BJ.  53. 
'  PdO^rs  Aitfh.,  ai.  17. 

■  Jhid..  Rl.  JS. 

*  Pioc.  Rot.  Soc,  Vo^,  *S.  »nd  e#j>tci»;iv  PLi'.cts.  Tnut-,.  Vo;.  ISd 

■  Da  Kiis-Kerraoiia's  Arch.,  IS^. 

■  Sw  II«deBli&i&  u  Bersuiui's  U&nJb..  Bd.  5,  TL.  1,  S.  ^.  nc. 
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entered  the  stoiuiich  deiwude  upon  the  m{iidiCjr  with  which  the 

:id  gastric  juice  mixoBwith  the  swallowed  fuwl,  iiiid  iilra  upuii  the 

^rolacive  uiiiouutfi  of  the  gastric  juice  and  fooil  in  the  stomach.    The 

largo  qnantiCy  of  wtitor  which  ih  swallowed  with  the  saliva  must  be 

)rhBd  and   piiKM  Into  the  hlood,  and   it  tiiiiHt  |7o   throngh  an 

itermediato  circulation   iu   the  organism.      Tliuu  the  arj^ntam 

in   the  galira  aji  active  uiodium  by  trhich  a  oonstiut 

tream,  conveying  the  ditsoked  and  finely  divided  bodies,  jtaaaes 

ito  the  blood  from  the  intcatinul  canal  during  digestion. 

bllTMy  Coa«r«meBt*.  Tlr  w>-eftlt(^  tartar  u  yellow,  gntj-.  y ellnwixh  jcrar, 
brown  ur  Itlack,  and  lia»  a  Ntmltlcil  litriioture.  It  iiinjr  (vnlain  tnunt  tlijiii  SoO 
P  ni-  or^oaic  8ub->uiiicuH.  vrbicli  ei>n.4lt<t  of  madn,  eplttieliuiu,  nod  t.QTo- 
;  TtlRIX-rilAnift,  Tlii-chinf  jinrl  (if  lliti  iii'irtfnuic  cunatiLuciit»cim^t9ta  of  CAlciuiD 
[earUiuuto  aixl  pbmspbale.  The  Mlivar;  mleuli  uiRy  v*r;  in  f\i»  fr>iu  tbnl  of 
B  giii&U  pniu  to  that  of  u  pen  nr  .itlU  lar([«r  (&  salivarT  coIcuIuh  Iiilb  lieen  found 
Wfiigliini;  lt).6  gnat ),  ntid  it  coDUiui^  n  varikblc  qiianiity  uf  oi>,'aiiic  &ut)- 
alMiiri-v.  50-880  p.  m.,    wliieli  nmun  on  extracthie  llie  oilculus  with  liytlnv 


II.  The  GIuikIb  of  llie  Mocouh  Aleiiibraiie  of  the 
Sttiinach,  and  the  OnistrU:  Jiiive. 

Since  of  old,  the  glands  of  the  nmoous  oont  ot  thu  stomach  have 
been  divided  into  tvro  distinct  kinds.  Thoae  which  occur  in  the 
greatest  ubimdauce  and  which  have  the  greatcat  size  in  the  fundiu 
are  culled  fundus  glands,  also  r«nnin  or  pepsin  glands.  Those 
which  occur  only  in  the  neighborhood  of  the  pylonis  have  received 
the  name  of  pyloric  gfarnlt.,  aometimes  also,  though  incorrectly, 
called  niucoiu  glands,  '['he  mucons  coating  of  the  stomach  is 
covered  thronglioiit  with  a  layer  of  columnar  epithelium  which  is 
generally  considered  as  consisting  of  goblet  cells  that  produce  mucns 
by  n  metamoqiho^i^  of  the  protoplasm. 

Tho  ftindns  glands  contain  two  kinda  of  celln:  AnEU)»oRpnic 
or  chief  cells,  and  nRLOiioRpnii"  or  pARrrrAL  colls,  the  latter 
formerly  called  resnix  or  pepsin  cells.  Both  kinds  consint  of 
protophism  rich  in  proteids;  bnt  their  relationship  to  coloring 
matters  seems  to  show  that  the  alhuminons  bodies  of  both  are  not 
identical.  The  nnclens  mu.4t  consist  chiefly  of  nuclein.  Besidca 
the  above-mentioned  constitnenbi  the  fnndn»  glnnds  contain  aa  more 
8peci6c  conatitnents  two  zi/mogens,  which  are  the  mother-snbstanc«s 
of  the  pep*in  and  the  rennin,  beeides  a  small  quantity  of  fat  and 
oholeeterin. 

The  pyloric  glands  contain  cells  which  are  generally  considered 
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»i  related  to  the  a1>ovo-mentioned  chief  cells  of  the  faudas  glaudf. 
As  these  glsnda  woro  formerly  thought  to  contain  a  larger  quantity 
of  niiiciu,  they  were  also  called  mncoas  glauds.  According  iv 
UEij>EKtiAi}f,  indepeudout  of  the  columuar  epithelium  of  th» 
excretory  ducts,  they  take  uo  part  worthy  of  meution  Id  the  forma- 
tiou  of  mucus,  which,  according  to  liig  viewB^  ia  effected  by  the 
epithelium  covering  the  macoas  membratie.  The  pyloric  glands 
also  seem  to  contain  the  tynwgvns  referred  to  abore.  Alkali 
chlorides,  alkali  phosphateid,  iitui  calcium  phosphates  are  found  in 
the  mucous  coating  of  the  stomach. 

Libsbiuiakn'  has  obioiued  &a  ilc id- reacting  restdae  oo  dlgeeting  tlio  macoM 
of  llie  stomAcli  with  pppsin  hrdmirlilonc  &cld,  which  struigwif  eontAincd  no 
tiur!(*in,  but  aa\y  n  prot«i(l  co»tu1niu^  Within,  r«ll«cl  lc<:itlialb(iiaui,  *l'o  Uii* 
](>dtlialbuiiiin  h«  asrritws  n  grr-nt  iiiipurtaiirc!  in  U10  socretion  ot  liydrootilgrk 

The  Gastric  Juice.  The  obt^orrations  of  IIrlh'  and  Beau- 
mont' oil  persons  witli  gastric  Qstuhi  led  to  the  suggeation  that 
gastrin  UstuLas  he  mude  on  animaU,  and  tliisoporatloD  was  first  per* 
formed  by  Hasww  '  in  lS4a  on  a  dog.  Verneuii.*  performed  the 
some  on  a  man  in  IS7<i  with  succosaful  rcaults.  These  Bstnlas  in 
aoiniuls  attonl  an  excellent  nimii)]  of  Httiilying  the  secretiou  of 
gastric  juice  and  also  the  stomachic  digestion. 

In  a  fasting  condition  the  niuooiiH  <*uat  is  often  nearly  dn; 
sometimca,  cspacinlly  in  certain  horbivora,  it  is  covered  with  a  layer 
of  viscid  so-called  mucas.  If  food  is  introduced  into  Uie  stomach, 
or  if  the  mucous  membrane  is  irritated  in  some  way^  then  a  secre- 
tion of  a  thin,  acid  tlnid,  the  real  gastric  juice,  takes  place.  Tha 
secretion  may  bo  ])roduced  by  mechanical  or  thermal  irritation 
(introduction  of  cold  water  or  pieces  of  ice  into  the  stomach),  or  by 
chemical  irritants.  Among  the  latter  we  include  alcohol  and  ether, 
which  when  in  too  great  concentration  do  not  produce  a  physio- 
logical secretion,  but  a  transudation  of  a  neutral  or  faintly  alkaline 
fluid  containing  albumin.     To  this  class  of  irritants  belong  carbon 


'  PAQger'8  AtiJi..  Bd.  SO. 
■  Ili'Im,  Knr«i    Rriuik«ngCMhlchteti 
Hutdbuch.  Bd.  S.  Tti.  2.  S.  89. 

•  ■■Tim  Pli)f«lolopj  of  I>i^!«iUon."  I8a3, 
'Bull,  de  I&  soc.  dea  natur.   de  Moacou,  Tome  16. 

Hnmann's  Hoodbucb.  Bd.  5,  S.  38. 

*  See  Cti.  Biehvl.  Du  enc  gastriqae  ehez  rbomme  et  les  Asimaux. 
1B78,  ^  IM. 
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GASTRIC  JVICE. 

dioxide  sud  hydrochloric  acid;  the  last  especially  increasM  the 
secretion  of  pepsin  (JAWORSEt'),  Bptces,  ni«ut  extracU,  neutral 
salts,  EQch  iLs  NaCI  (which  acta  like  aloobol  in  too  great  cotic^ntra- 
tioD)^  and  alkali  carbonates.  The  alkali  carboimtes  are  supposed 
bj  certain  iareBtigators  to  first  neutralize  the  ucid  and  then  produce 
a  Dontionous  secretion  of  acid  giuitric  juice.  The  statementa  in 
regard  to  the  actioD  of  diSereiit  bodies  on  the  secretion  of  gastric 
jnioe  are  still  rather  imceruiii  and  often  uoutrudictury. 

The  secretion  of  gastric  juic«  is  rullexly  stimulated  from  the 
mouth.  ^Uler  the  introduction  of  water  into  the  stomach  a  rela- 
tively scanty  and  not  less  constant  Oow  of  secretion  takes  place; 
irhile  on  the  contrary  if  digeeliblu  food  is  introduced  a  more  abnn- 
daui  and  cuutiimouK  secretion  is  obeerred  (Scuiff,'  liEiDENaAiif*). 
Hut  in  Iheae  cases  the  secretion  does  not  take  place  immediately, 
but  only  after  the  ab«ori)tioi)  of  the  soluble  bodies  has  commenced. 
This  fact  justifies  the  usnal  custom  of  commencing  a  meal  wiih 
fluid  nntritires,  such  as  soup.  The  beautiful  oxperiinenlA  made  by 
Pawlow  and  Scuoiiiow-Simanowsky'  have  shown  tliat  the 
secretion  of  gastric  jnioe  is  stimulated  refiexly  from  the  mouth,  and 
also  thitt  this  reficx  is  discontinued  on  catting  through  the  vagi, 
and  that  the  secretion  in  the  dCoinachic  glands  is  catisid  by  the 
central  nervous  system  through  special  secretory  norvo-fibn-s,  aualo- 
gOQB  to  the  secretion  of  ealira  and  pancreatic  juice. 

The  Quahtdtivv  and  QiuiniUatijv  ComposiiioH  of  the  Gastric 
Juice.  The  giiBtrio  juice,  which  cam  Imnlly  be  obtained  pnre  and 
free  from  residues  of  the  food  or  from  muciiR  and  saliva,  is  a  dear, 
or  only  fery  (iiintly  cloudy,  and  in  uisu  nearly  colorless  fluid  of  an 
insipid,  acid  taste  and  strong  acid  reaction.  It  contains,  as  form- 
elenifiiti:.  gUtmiular  evils  or  their  nurleij  mHcus-corjnische,  ami  more 
or  lesri  chuiigeil  colnmnor  epifheliutH. 

The  acid  reaction  of  the  gastric  juice  depends  on  the  presonoe 
of  free  acid,  wblrh,  us  we  lui^e  learned  from  the  invostigutions  of 
C.  SniMiirr.'  KuTJCT,'  and  othom,  consists,  when  the  gastric  juice 
is  pure  and  free  from  ^Mirticles  of  food,  chiefly  or  nearly  so  of  hydro- 

'  Iteutich.  med.  Woehetiftclit. ,  I8B7. 

■  Lepans  but  la  pli^aUil.  tie  la  tlifiettioD,  Tonw  8,  1867. 
•raOg«r'oAi«l).,  Bd.  19. 

•  hn  Kols.R«]riiK>Dd's  Arvli..  1895. 

■  Bhldn'  and  Sclitaldt,  Dw  VerdauuDt^aeBfu.  ete.,  S.  «i. 
•Uc. 
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Morie  acid.    Contkjean  '  hoe  rogalarly  found  traces  of  lactic  acid 
in  the  pure  gaatric  juice  of  fasting  dogs.     After  pjirtaking  of  food^ 
especmlly  afLer  n  nu>iil  rich  in   crarbuhydmttis,  luetic  acid  oocar^ 
ubiindiintly,  and  sonietiincs  acetic  and  bntyrio  acids.    The  qnautit\'^ 
of  free  hydrochloric  acid  in  the  gastric  juice  of  ahccp  is  ubont  1/i^ 
p.  m,,  and  in  dogs,  according  to  the  ordinary  statements,  nbont  '1-3  - 
p,   m.      Scnoi  «ow-Sim\koiv8Ky"   has  observed  a  conaidembly  ^ 
higher  degree  of  acidity  in  perfectly  pnre  and  fresh  gastric  juice  of 
a  doig,  namely,  -l.fl-S.S  p.  ni.     HiAf-ANTSRw  '  states  tliat  the  gastric 
jnSce  of  the  c^t  ia  ver>'  ainiilar  to  that  of  tlie  dog  and  has  about  the 
eanie  de^jree  of  acidity,  4.11-5.84  p.  m.,  and  an  average  of  5.20 
p.  in.     tiiriiirr*  found  as  avonige  for  HO  determinations  of  bnmaD 
gaatric  juice  1.7  p.  m.  free  hydrochloric  acid,  with  a  variation 
between  0.5  and  3  p.   m.     According  to  SzAno,'  Ewald,*  abd 
others,  the  human  gnistric  juice  contains  ut^ually  ubout  'i-^S  p.  m. 
HCI.     RioiiET  liiks  shown  that  the  acid  gastric  juice  acts  in  tnanj 
respects  different  fronx  fieo  hydrochloric  acid  of  the  same  concco* 
tratiun,  unr)  ho  concludes  from  this  that  the  hydrochloric  acid  is  not 
free,  but  combined  with  organio  substances  (leucin).     Contejeak 
ia  of  S]\e  Kurne  opinion,  and  has  found  tliat  gastric  jnice  dissolrcA 
cobalt    liydrocarbonate    with    more    ditlicnlty    and    slower    than  ■ 
hydrochloric  acid  of  the  same  concentration. 

Perfectly  frcslt  gastric  juice  seems  to  contain  a  little  ooagnlabl« 
protcid,  but  contains  peptone  and  albumox^a  on  standing  for  some 
time.  Among  the  organic  bodies  a  little  mucin  is  fonnd  and  tvo 
enzymes,  pepHin  and  rvnmn,  especially  in  man.  The  snlphocyanic 
acid  found  by  Kklus'ij  '  in  the  contents  of  the  stomach  is  cousid- 
«red  by  Nkscki  and  Scuol'muw-Simanowsky  •  as  a  normal  con- 
fltitncnt  of  pnrc  snliva-free  gastric  juico  of  dogs. 

The  specific  grarily  of  gastric  juice  is  low,  1.001-1.010.  It  is 
therefore  correspondingly  poor  in  solids.     As  examples  of  the 


'  Conlrib  &  I'otudo  d^  la  pbjaiol.  de  I'esUiDUC.  Thesli.   Paris,  188^  Idslf's 
Jftlirc»l)»T..  Bd  22.  e.  398. 

*  Arch.  f.  (wp.  Path.  u.  Pbantu.  Ifal.  83. 

*  Arcli.  des  SciMicsB  bial.  de  Bt.  PfiteTsItour^ ,  Tom»  8- 
•L.  c. 

*  Z«itsclir.  f.  phviii'}!.  Chi-tu.,  Bd.  1. 

*  C.  A.  Ewald.  Ellolk  iter  VenUuuo^kruilihBltea,  1880; 
^Zeitechr.  f.  phvtiol  Chom.,  lU,  18. 

*  An:li.  f.  erp.  Patli.  a.  Pbwm.,  Ud.  84,  and  B«t.  d.  deubnb.OIien.  QawUscb., 
hi.  96. 


corapoeition  of  cliffer^nt  kiods  of  gastric  juice  th«  analrsee  of 
C.  ScHMitvr '  ftro  lier©  given.  It  mnat  be  remarkeil  that  tlit-  lininaii 
gastric  juice  AQiUyzed  wag  diluted  by  aaJira  and  waler  auJ  8lioul<l 
therefore  not  be  considered  as  Qonual.  The  ligureis  are  purls  per 
1000. 


WftUr 

SoUdii 

Oraanle  HibiUn«« 

y»ci , 

(■«(1 

KCl   

NHXI 

Free  hT'drocblonc  Mid  (BCl). . 

Cft,(I>u.), 

M«.(l'i),H   .. 

F«PO. 


Human   Gna- 

Gutrio 

(iulrte 

irlt-  J II  Ion 

Julcv  fr\>in 

Jtiico   trvui 

lulxtij  olUi 

Doftrt* 

DofC    CDtllAll]- 

t}*lltit 

from  SallTs. 

lii«8allTii 

9M.40 

K3.0 

971.8 

6.00 

a7.o 

£8.8 

&19 

17.1 

17.8 

1.40 

S.S 

8.1 

0.06 

0.6 

1.7 

O.SB 

1.1 

1.1 

o.s 

D.5 

0.80 

3.1 

2.8 

1.7 

S!J 

0.13 

0.3 

0.3 

0.1 

0.1 

nutria 
Julcwof 


Me.i5 

18.05 
4.05 
4.M 

0.11 
I.S9 
0.47 
1.38 
1.18 
0.57 
0.88 


The  other  phy Biologically  imjKirtant  ronatitnents  of  gastric 
jnicc  SK  pfpsin  and  rennin. 

Pepiin.  This  enzyme  is  fonnd,  with  the  Oicoption  of  certain 
^es,  in  all  vertebnitea  thus  far  investigiit«<l. 

PepAin  occurs  in  iwUiltfl  and  in  new-born  infaiitu.  This  condi- 
tion is  different  in  new-borri  animals.  While  in  a  few  herbivom, 
SDch  as  the  rabbit,  pepoin  occurs  in  the  mncoDB  coat  before  birth, 
thiA  enzyme  U  entirely  absent  at  the  birth  of  those  caraivoru  which 
hare  thus  far  been  examined,  rdcIi  ait  the  dog  and  cat. 

In  vBrioQM  invitrMlinttm  ■  furnrnl  ]iii«  also  bwti  TouDcl  whieh  boa  r  prulo- 
otyiic  actluu  Id  urld  solmidtiH.  It  iuut  hvi-a  nlj'iwii  ilmt  tlais  cnzpn^.  novcrthe- 
leaa^  in  luA  iu  all  amitJiiil»  iilmlii^l  witli  uniMtniy  iH'jjnln,  Makwim  hum  far- 
lU«r  fouud  tUat  ciTiniu  plmitit  ulilcb  fi-i-il  upou  lutfeirta  sccniic  an  ai-id  juice 
vhicb  dlsolvea  proicid.  1>ul  il  io  atlll  ddcihtfnl  w-hntliitr  llit^^n  i)lftrt»  onntAin 
•BJ  Mpsin.  V.  Uoitri>>llKTtASI£E'  liAB  iwilsted  frum  vrtcljNeBiI  mi  nuxvoio 
wbirh  ftcU  [ik«  p«pMn,  but  wbutw  idttutil;  witli  [wpsiu  is  doubifiil, 

PepKin  is  as  diOicalt  to  isolate  in  a  pare  condition  ae  other 
enzyuiw.'     The  purest  pepsin  was  that  prepared  by  DuOciiK  and 

'  Cit.  from  ▼.  Ooru[»-Be«m£ei,  Lvlirbucli  d.  pbysioL  Cb«u.,  1.  AaA,.  S,  404. 

*  Bcr.  d.  dentecb.  cbL-iu.  Gcwjilscli..  Bdd.  7  nnd  9. 

*  Scbnamow-Simmnowskf,  Arch.  f.  "xp.  Path,  u  Pharm.,  Bd.  88,  ha«  ob 
Mrvwl  tb&t  tlie  pare,  fnMh  gulric  jniw  of  a  dog  dopoaits  a  protc'tD  »ub§iauc« 
'CuntAinloft  obloriDe,  oD  cooliof;,  snd  tliiH  1i«  connidtfrti  ait  jitin-  |ir[i9to.  TliU 
suUitajice  ia,  bow«ver,  pracijiiLatwl  hy  c«rt4UN  [>roUild  rea^jiKiitJi  wLiob  wvu  do 
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SuN]>BKH(i;  tluB  gave  nepitire  roeiilta  with  most  reapente  for  pro- 
toids.  Pcpait),  tliowfore,  doea  not  aecm  tu  be  h  tnu;  albiiiuinons 
subataiicc.  It  is,  at  lenat  in  the  impure  ('-oiKlition,  Boluble  iii  water 
and  glycerin.  It  is  precipitated  by  alooliol,  but  only  slowly 
destroyed.  It  ia  quickly  destroyed  by  heating  its  watery  solntion 
to  lioiliug.  According  to  Hikrxacki  '  pepsin  in  nentral  aolutions 
t3  destroyed  by  heating  to  -f-  56*  C.  In  the  presence  of  2  p.  m. 
irCI  a  temperature  of  55"  C.  ia  withont  notion;  the  pepsin  ia 
ilestroyed  by  heating  to  65°  C.  for  five  minntea.  On  adding 
peptone  and  certain  salts  the  pepsin  may  he  heateil  to  70°  C.  with- 
ont decomposing.  In  the  dry  state  it  can,  on  the  contrary,  !» 
heated  to  orer  100°  ('.  without  losing  its  pi ly biological  action.  The 
only  pro]>erly  which  ia  characteristic  of  pepsin  is  that  itdiMolvM 
proteid  bodies  in  acid,  bnt  not  in  neutral  or  alkaline,  Rolntions  with 
the  formation  of  alhnmoses  and  peptones. 

The  niethoda  for  the  prtiparation  of  relatively  pure  peisiD 
depend.,  as  a  nilo,  u|)on  its  property  of  being  tlirown  down  with 
finely  divided  precipitates  of  other  bodies,  sneh  as  calcimn  pho»- 
phat«  or  choleslerin.  The  rather  complicated  methchlB  of  HbCcke' 
and  ScNPBKKa*  are  based  upon  this  property.  A  relatively  pure 
pepsin  solution  intended  for  digesstion  ivnin  and  of  adectire  action 
may  bo  prepsired  by  the  following  miitboil  ^  siiggested  by  Maly.* 
The  raueons  membrane  (of  the  pig's  stomi»-h)  u  frtyited  with  water 
containing  ]dios])horic  acid,  and  the  Qltraio  precipitated  by  lime- 
water;  tlie  precipitate,  which  contains  the  pepsin,  is  then  disdolred 
in  water  by  the  a^tdition  uf  hydruohluric  acid,  and  the  salta  removed 
by  dialysis,  by  whieh  moans  the  peiwin  which  iloes  not  difftts.'* 
remains  in  the  dialyzcr.  A  popain  monition  somewhat  impure  but 
rirh  iti  )Ht|i.iin,  and'  which  can  be  hept  for  yeant.  may  l>e  obtained 
if,  as  soggeatod  by  v.  WnTii'HH.*  we  extract  the  finely  dividcJ 
mucous  menilinme  witli  gly\H:rin,  or  better  with  glycerin  which 
oouUtins  1  p.  m.  Hf'l.  To  each  part  by  weight  of  the  miit'ouBcotl 
add  10-20  parts  glycerin.  Tliis  in  Iil(«reil  after  H-M  days.  The 
pepain  (together  with  imich  ulhumin)  may  bo  precipitated  by 
alcohi)]  from  this  extracu  If  thia  extract  is  to  ha  ustid  directly  for 
digestion  t«8ts»,  then  to  100  c.  c.  of  water  which  has  been  acidified 
with  1-4  p.  ni.  HCl  add  2-3  c.  c.  of  the  extract. 

not  proi-iptialu  very  iwwerful  onmmercirU  pepftia,  and  iliftrafare  It  cannot  b«  m 
pnm  •■iijyint', 

'  Z..il»rlir,  r.  nioloKic.  IM    38, 

*  Wien.  SitxuDKsber..  M.  43. 

*Z«lliwthr.  r.  fliybtol.  Cbvm..  B<L  B. 

*MOe»r'sAtch,.  Bd.  ». 
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For  digestion  testa  an  infasion  of  tbe  mucous  mombnme  of  the 
stomach  m»y  tio  u^  direoUy  in  man;  casus,  TIte  mticoiiB  uoat  is 
curcfullv  Wiuflied  witli  wutcr  (if  a  pig's  stomuch  ia  used)  anil  finely 
cut;  if  A  calf's  stomach  id  fcni})lovL-<:l,  only  tlic  outc-r  layer  of  tlie 
mucous  cottt  ia  8cmped  otT  with  a  WiiU-h-^Ifuw  or  the  back  of  a  kuife. 
The  pieces  of  mucous  infiiibruui.-  or  tlic  eliuiy  uiushrs  obtaiued  by 
scrapmg  arc  rubbed  with  puru  quartZ'S>iiud,  treated  with  acidiBod 
water,  and  allowed  to  stand  for  "ii  houra  iu  a  cool  placo  and  then 
61t«red. 

In  the  preparation  of  artificial  gastric  juice  that  part  only  of  tho 
mucous  coat  richcKt  in  popsin  is  u«ed;  tht!  pyloric  part  is  of  little 
value.  A  etroug,  impure  infusion  may  generally  be  obtaiuod  from 
tlie  pig's  stommdi,  Tfhile  a  relatively  pure  and  powprfiil  infusion  is 
obtauicd  from  the  stomach  of  binis  (Iicne).  Tlie  stomachs  of  tUh 
(pike)  also  yield  a  tolerably  pure  and  ;u'tiTe  iiifttsimi.  An  active 
aud  mther  pure  artificial  giwlric  juice  may  be  prepari'd  by  scraping 
the  iuuor  layers  of  a  calfV  stomuch  frotn  wliich  the  pyloric  end  has 
been  removed.  For  a  medium-sized  calf  a  stomach  1000  c.  o.  of 
acidified  water  must  bo  used. 

The  decree  of  acidity  require]  in  the  infusion  depends  upon  the 
use  to  which  the  g'ustric  juice  is  to  be  put.  If  it  is  to  bo  employed 
in  the  ilij^estion  of  fibrin,  an  acidity  of  1  p.  ni.  IICI  must  be 
ael*K;ted,  while,  on  the  controry,  if  it  is  to  he  nsed  for  the  digestion 
of  hard-boiled -egg  albumin,  an  acidity  of  2-3  p.  ni.  IK'l  is  prefer- 
oble.  This  last-niciitioned  de;rreo  of  ucidily  is  ponenvily  theoetLer, 
becanse  the  infusion  is  preserved  ihenliy,  and  a(  all  events  it  ia  so 
rich  in  pepsin  that  it  may  be  dilntetl  with  water  until  it  has  an 
acidity  of  I  p.  m.  TKM  without  losing  any  of  its  solvent  action  on 
unboiled  Sbrin. 

Tliu  prepuratiou  of  acid  infusions  is  nowadays  unnecessary  uu 
account  of  the  ubility  of  gettini:  vatiuus  peijsin  pti'mirations  in 
commerce  which  have  a  remarkable  activity.  Hueh  a  jiepfiin 
preparation  can  Im  purified  when  ucccfwary  by  following  (he  method 
saggestcd  by  KCiine.'  I'recipilale  rho  pepsin  togetlier  with  tho 
slbumoses  by  ammonium  suljihat*,  press  tlie  precipitate  and  dis- 
solre  in  dilute  hydrochloric  acid,  and  let  it  undergo  auto -digest!  on. 
On  n'>i>eating  ihiti  again  and  then  removing  the-saits  by  diiUysis  we 
obtain  an  extnionliuarily  lictive  p6]K?in,  but  which  is  xtitl  less  pure 
tlian  when  obtained  by  tho  methods  of  BbCcke  and  Slnubeku. 

TTie  Acti<m  of  Pepsin  on  I'roteida.  I'epain  ia  inactive  in  neutral 
or  alkaline  reactions,  but  in  acid  liriuitls  it  dissolves  coagulated 
albuminous  bodies.  The  proteid  always  swells  aud  becomes  trans- 
parent before  it  diesolres.  Unboiled  6briu  stvelU  up  iu  a  solution 
containing  1  p.  m.  HOI,  formiug  a  gelatinous  mass,  and  doei<  not 
disMhe  at  ocdiuury  temperature  within  a  couple  of  days.  Upon 
>  Zeltsclir.  t.  Biologic,  Bd.  33,  S.  128. 


208  DIGESTION. 

the  addition  of  a  little  pepsin,  however,  this  swollen  mass  disBolves 
quickly  at  an  ordinary  temperature.  Hard-boiled-egg  albumin,  cut 
in  thin  pieces  with  sharp  edges,  ia  not  perceptibly  changed  by  dilute 
acid  (3-4  p.  m.  HCl)  at  the  temperature  of  the  body  in  the  coarse 
of  several  hours.  But  the  simultaneous  presence  of  pepsin  causes 
the  edges  to  become  clear  and  transparent,  blunt  and  swollen,  and 
the  albumin  gradually  dissolves. 

From  what  has  been  said  above  in  regard  to  pepsin,  it  follows 
that  proteids  may  be  employed  as  a  means  of  detecting  pepsin  in 
liquids.  Fibrin  may  be  employed  as  well  as  hard-boiled-egg  albu- 
min, which  latter  is  used  in  the  form  of  slices  with  sharp  edges. 
As  ttie  fibrin  is  easily  digested  at  the  normal  temperature,  while 
the  pepsin  test  with  egg-albumin  requires  the  temperature  of  the 
body,  and  as  the  test  with  fibrin  is  somewhat  more  delicate,  it  is 
often  preferred  to  that  with  egg-albumin.  When  we  speak  of  the 
"■'pepsin  ^cs/"  without  further  explanation,  we  ordinarily  under- 
stand it  as  the  test  with  fibrin. 

This  test  nevertheless  requires  care.  The  fibrin  used  should  be 
ox  fibrin  and  not  pig  fibrin,  wliich  last  is  dissolved  too  readily  with 
dilute  acid  alone.  The  unboiled  fibrin  may  be  dissolved  by  acid 
alone  without  pepsin,  but  tliis  generally  requires  more  time.  In 
testing  with  unboiled  fibrin  at  normal  temperature,  it  is  advisjible 
to  make  a  control  test  with  another  portion  of  the  same  fibrin  with 
acid  alone.  Since  at  the  temperature  of  the  body  unboiled  fibrin  is 
easier  dissolved  by  acid  alone,  it  ia  best  always  to  work  with  boiled 
fibrin. 

As  pepsin  has  not,  thus  far,  been  prepared  in  a  positively  pnre 
condition,  it  is  impossible  to  determine  the  absolute  quantity  of 
pepsin  in  a  liquid.  It  is  only  possible  to  compare  the  relative 
amounts  of  pepsin  in  two  or  more  liquids,  which  may  be  done  in 
several  ways.  As  the  best  of  tliese  we  give  the  following  method 
as  suggest  by  Brucke. 

If  two  pepsin  solutions  A  and  B  are  to  be  compared  witli  each  other  rela- 
tively to  the  amounts  of  pepsin  they  coutain,  they  must  first  be  brought  to  the 
pr<>]M.'r  dejrree  of  acidity,  about  1  p.  m.  HCl,  care  being  taken  that  one  is  not 
more  diluted  than  the  other.  Then  prepare  a  large  number  of  specimens  of 
earb  solution  by  diluting  with  liydrochloric  acid  of  1  p,  m.  HCl,  so  that  they 
contain  respectively  ^,  },  k  /«,  gV  and  so  no,  the  amount  of  pepsio  in  the 
original  liquid  being  1.  If  the  original  quantity  of  pepsin  in  the  two  liquids 
is  designated  by  p  and  p',  we  then  have  the  two  series  of  liquids : 

A  B 

\p  Ip- 
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TiiMi  m  nn»II  piM^nf  boiled-tf^Kftlbumiii,  obtAinM  bj  rutting  tliin  *lt<fs 
with  &  cork'Outter.  is  pUcvd  Id  vacb  tosl,  vr  k  huuiU  lluv  uf  fibrin  it>  addi-d. 
Of  ooarw-  caru  must  t>«  lakrn  t^  mIiI  thn  !>«mf:  Hl»>t  »lii:e  of  e^r-alhiiiniii  or 
Bkkn  of  Rbrin.  Xnir  nlinervc  and  nijU;  frxactly  lUe  ttimr  wlidii  t^an  lAtt  of  elm 
two  «erie«  bcK'KB  Iw  diK^t  kd^  »)i<.-ii  it  odiIh.  and  ii  wUi  Xtv  Uiitiitl  tliM  rcrtnifi 
tmvn  at  one  serlea  utaku  ttlciut  ihi.'  Kkttiv  pruj^'iij  na  nurtain  Witts  ot  tlio  otbiT 
ikrHn>.  Il  tcaf  be  iDfrrrHl  (n)iu  iliin  tliai  tlicy  cvuiaiu  about  the  Mme  qunti- 
lit*  of  pepiln.  As  example,  h  U  fouod  )u  one  wma  of  teMts  lltoi  tbe  dilutive 
npldliy  of  tbe  tests  pi,  p  •^.  pJ^'ta  about  ilic  satneu  the  tfal;f^/  ^.p'  j,  j/f  ; 
Ibvrafon  we  eoDcludv^  tbat  thv  liquid  A  is  »ljout  (oor  time*  lu  neb  in  pri»ia 
as  ihe  liquid  B. 

Aaotbor  inclliod  u  tu^mttil  by  MicTTH'  gives  morevxai:!  rciullM  accortliiigr 
lo  ihp  inTOxtigatiAns  nf  SAUn>n.nFr.  ^  Draw  up  liquid  w)iiu>  of  egg  In  a  k'^^* 
tub«  uf  about  1  ti>  2  luiu.  dt»mvli<r  aud  uoaMuiale  ttis  a.lbuiiiin  in  the  mbo  by 
ht«titig,  cut  the  uuds  of  the  tube  00  sbarplv.  add  two  ttibt^  lu  each  t«6i-tiibe 
with  *  few  ee.  of  acid  pepBia  ealutian.  ailow  to  digost  at  tht>  txidilv  mmpr^n- 
tdr«,  aod  after  a  rvrt&in  time  Daeaaani  ttin  linoal  extent  of  tbn  liigvatcd  inyi-t  nf 
albatDto  in  tb«  rariuit>  tustx,  Prr>Di  Ibn  nptditr  <if  d1a<-Ktirin  i-xpri^^ril  fnun 
the  VKtont  of  the  Ui^'Kt«d  layer,  wn  cau  calciilati;  tin-  n-lailvt*  (juaniity  of 
ptppalu,  M-oonlinf,'  to  l1i«  ru]«  first  found  liy  H(  llLtT/.*  tbttt  the  vtwrgv  nf  di^rs- 
tiuD  of  diiler«nl  pfusiu  soluiii^ns  if  th«  xqiiurir  rrHit  'if  thi-  i|i]anlitjr  of  pepHiii  it 
mntaJiiB.  This  tola,  bowsT^r,  ouljr  appUott  to  ^uffickntl}'  dilute  pepaiD  soln- 
tlotis. 

The  rapiiUhj  of  the  pejmn  di'ffegtton  flepends  on  seTeral  circnm- 
Btances.  Thus  different  adds  aro  unequal  in  their  action;  hydro- 
chloric aciJ  shows  a  more  powcrfnl  fiction  than  nny  other,  wliethor 
an  organic  or  an  inorganic  arid.  The  drt/ree  of  acidity  is  also  of 
the  greatest  importance.  With  hydrnchloric  arid  the  degree  of 
acidity  is  not  the  same  for  different  pmtoid  bodies.  For  fibrin  it  is 
0.3-1  p.  m.,  for  mjoaiti,  casein,  and  vegetable  albumin  about  1  p.  m., 
for  lutrd-lwilcd-egg  albumin,  on  the  coutrarv,  about  2.5  p.  m. 
The  rapidity  of  tbe  iligestiou  increase:^,  at  Leiiflt  to  a  certain  point, 
wiLb  tlie  guanlity  of  pepsin  present,  nnlees  tbe  pepsin  added  is 
contumiuutod  by  a  large  <|iiantity  of  proilncte  of  digestion,  which 
may  prevent  ila  action.  'V\\d  accumulation  of  products  of  digestion 
hatf  u  relardiug  action  on  digestion,  althougli.  according  l«  Chit- 
TEKDES  and  Amermast,'  the  removal  of  the  digestion  products  by 
meum  of  dialyi(ii»  docs  not  eetentially  chitnge  the  relationship  be- 
tireeu  the  albuinoeee  and  true  peptones.  Pepsin  acta  slower  at  low 
teMjMraturea  than  it  does  at  higlier.  It  is  even  actiTe  in  the 
neighborhood  of  O'C,  but  digestion  takes  place  very  elowly  at  this 
temiteraturc.  With  increasing  tv[iij>eraturu  the  rapidity  of  digcs- 
tjon alao iucreMea  until  about40°  C,  when  tlie  maxiuura  is  reaobcd. 


'  Clt«l  from  Satnojlofl.    9e«  foot-ttotd  2 

«  Areh.  dm  Scieuom  biol.  de  St.  P*t*rsbourK,  Torn*  2.  S.  68©. 

»  Zeitwhr.  f.  pbysiol.  Chcm.,  Bd.  «.  S.  577. 

«  Jonnal  of  Phyiili)!.,  1668. 
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Acoonling  to  the  iurestigalioDB  of  FlaCh'  it  u>  probable  i\iaX  Lho 
rulationship  lioticc^n  albumosoB  and  peptones  remaine  the  snme, 
in-oepoctivo  of  whether  the  digertion  took  plsico  at  a  low  or  high 
temperature  as  long  aa  the  digestion  is  coatiniious  for  some  time. 
If  the  aicelling  up  of  the  proletd  is  prcretitcd,  as  hy  the  additiou  of 
ueutral  salts,  such  u.^  NaCl  Id  Biitnclont  amount.-^,  or  by  the  addition 
of  bilo  to  the  acid  Hqaid.  digestion  can  ho  prevented  to  a  greater  or 
\wA  extent.  F^rei'jn  bodies  of  di^erent  kinds  ])raducc  different  ac- 
tions, in  which  naturully  the  raritiblo  quantities  in  which  they  are 
nddod  are  of  the  grcateet  tmporUince.  Salicylic  acid  and  CiirboUc 
acid  hinder  the  digestion,  while  arsonlous  acid  promotes  it  (CiilT- 
TEKnEN),  and  hydrocyimic  acid  ia  relutircly  inditTerent.  Ak-ohoi 
in  hiT^ge  qnantities  (10^  and  above)  disturbe  the  digetttion,  while 
enuUI  ijuantitios  act  in  differently.  Metallic  sails  in  rery  smalt  qaan- 
titiesmay  iiidtH*<l  ervmetimee  (UJcelemtedi^eHtion,  but  otherwise  tliey 
tend  to  retiird  it.  'i'iie  mHion  of  melallic  salts  in  different  cases  can 
lie  explaintnl  in  liiilereiit  ways,  but  tliuy  often  seem  to  form  with 
proteidit  inikihilili;  or  diiVictdtly-tioluble  uouihitiations.  The  idkaluids 
may  also  reutrd  the  |)o|Min  digestion  (CniTTENDEts  and  Allen).* 
A  vury  lar^e  niiuilivr  of  oUierriktionR  li:ivo  been  uiude  in  regard  to 
the  autiou  of  foreign  sulislanotiti  on  artiliciul  pe|isin  digestion,  but 
as  tlioae  obsorrstions  have  not  given  any  direct  result  in  regard  to 
the  aetion  of  these  sAme  substanoes  on  natural  digestion,  we  will 
not  here  further  difl<-ii«B  them. 

The  Protiw.h  of  the  DigeMton  of  Proieids  by  Menus  of  Pepsin 
t'ud  Acid.  In  the  digestion  of  uuclooprototdi^  or  nuclco-alhnmina 
uu  insoluble  residue  of  uuetain  or  psouJo-nucleiu  always  remains. 
Witb  ox[)oriinents  on  eaaesin  SALKUwtiKt'  has  shown  that  the  paru- 
nucloin  first  split  off  which  contains  aecording  to  Wiixtii:.NOw,* 
phosphorus  in  organic  obmhination,  may  be  dissolved  by  continuous 
digostion.  Some  ortlio phosphoric  acid  is  hereby  split  off,  but  an 
nrgnnic  phoaphorizcd  aeid  is  also  formed. 

Fibrin  also  yields  an  insoluble  residue,  whicli  consists,  at  least 
in  great  part,  of  naclein,  derirod  from  the  form-olomcnu  enclosed 

•  ZcitMiir.  r.  Biftiofiiv.  Bd.  as. 

'  Yftin  C'olln^n  Ktudio*.  Vol.  1.  p.  76.     Sm  mIko  Ctiitlanilau  and  tttvwBrt, 
««f.,  Vol.  9.  [>.  60. 

•  r«iitrBn>l.  r.  d.  mcd.  WiaMOMb..  1098.  B.  38S  anil  467.    Sm  also  Sontag. 
ML.  8.  4IB.  ind  MomcbbwhIcI.  Z*!itacbr.  f.  pliyaiel  rlu-m..  Bd.  SO. 

•  "  Zur  K<^abtoi(Ui  A«t  p^ptlwlien  V«nlAauD|:  das  Kaselos."     loaaf;.   Dlan. 
Bsrn.,  18B8. 
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ia  the  blood-clot.  TliU  raeidao  which  ramaiag  in  the  diguaiion  or 
iu  albuminous  bodies  is  called  dtfspeptone  bv  Meissnek.'  IT 
Bolutiou  in  iiUtiiX'd  aftor  a  fiuishod  di^cBtiun  and  iiuutnUizud,  it 
girca  in  dilTerciit  cneea  a  mora  or  less  abundant  |irccipitato  of  aoid 
IhtimiTiate,  or  a  mixtnro  of  idbuniinaLas  callod  parapeptoM  by 
JilEi-SfiXEU.  Aftiir  filtering  this  iireoipitate  and  conooiiiruiiiij^  the 
filtnito  again,  »omo  proteid  often  scimrates  in  tlie  vranntli.  If  this 
nKcipiUtc  be  filuircd.  Uiu  fiUruta  now  contains  albuttwges  axid  pep- 
tones in  tlic  ordinary  aenae,  whilo  tho  so-called  imo  peptone  of 
KDiiNE  may  sometimos  bo  entirely  absent,  and  in  general  b 
jobtAinod  in  quantity  worth  mentioning  only  aft«r  a  more  roiitiTiii- 
008  and  intonsiTb  digu^tion.  The  rolationehtp  between  tho  albu- 
moMA  and  peptones  in  the  ordinary  sense  changes  very  much  in 
different  coses  and  in  the  digestion  of  various  albnmiuous  bodiea. 
I'or  instance,  a  larger  f)uaDtity  of  primary  albumoscs  is  obtained 
from  fibrin  than  from  hard-boiled  cp^  albnmin  or  from  the  pro- 
tcids  of  meat.  In  the  digestion  of  unboiled  fibrin  hii  intcrmediiite 
prodnct  may  be  obtoiued  in  the  earlier  stages  of  the  digestion — 
globalin  which  coagiilateB  at  -\-  55°  C.  (Hasbbbobk*).  For 
information  iu  re'^ard  to  the  dJITorvnt  ulbumosee  uiid  peptones 
vbicb  arc  formed  in  pepsin  digestion,  the  reader  is  referred  to  pre- 
Yious  pages  (33-39). 

Action  of  Pepsin  HjjtlrocMoric  Arid  on  other  Bodies.  The  gela- 
iin-forming  aubstance  of  the  connective  tissue,  of  the  cartilage  and 
of  the  bonesj  from  wbioh  last  the  acid  only  disaolvee  the  inorgnnic 
fubstances,  is  couvorted  into  gelatin  by  digctting  with  gastric 
jniee.  The  gelatin  is  further  changed  so  that  it  loses  its  property 
of  gelatinizing  and  is  couvertod  into  a  so-odled  gelatin  peptone 
\9ee  page  55).  True  iniirin  (from  tlie  .iiibinavilliiry)  is)  ilissolved 
by  the  gastric  juice  and  yields  a  snhstajico  Himilar  to  peptone  nnd  a 
Tt^ucing  substance  similar  to  that  obtained  by  boiling  with  a 
Biinonil  a<-id.  Eloftin  is  diaaolvod  mnro  alowly  und  yit-lds  the 
Abore-mentioned  subfltouces  (pnge  52).  Kerntin  and  llie  epidermis 
formation  are  inaoluhle.  KucUin  is  not  dissolved  and  the  cell- 
Vuclei  are  therefore  in.totuhle  in  gHstrie  juice.  The  animal  r.tU- 
tatmhrano  is,  as  a  role,  more  easily  dissolved  tho  nearer  it  stands  to 
tfutin,  and  it  dissolves  with  greater  difficulty  tho  more  closely  it  is 

'  Tbe  works  of  MoiMner  on  popain  digentioa  *re  foand  in  iScitwhr.  f.  rat. 
Ved.,  Bdd.  7,  8.  10, 12,  tu,i\  U- 

*  Zetucbr.  (.  phTKiol.  CLom.,  Bd.  11. 
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related  to  keratin.     The  membrane  of  the  plajii-cell  is  uotdisfloUe 

OxyhcBmoglohlin  is  changed   into  hsematin  and  acid  albuminat 

tlie  latter  undergoing  further  digestion.      It  is  for  this  reason  th^^cftt' 

blood  is  changed  into  a  dark-brown  mass  in  the  stomach.     Tlz:    ** 

gastric  juice  does  not  act  on  fat,  but,  on  the  contrary,  on  fatt   -•  *^ 

tissue,  dissolving  tlie  cell-membrane,  setting  tlie  fat  free.     Gastri*"  ""''■ 

juice  has  no  action  on  starch  or  the  simple  varieties  of  sugar.     Th  «^  ^"' 

statements  in  regard  to  the  ability  of  gastric  juice  to  invert  caue"^;^  ^' 

Bugar  are  very  contradictory.      At  least,  this  action  of  the  gastrin  *^  "^ 

juice  is  not  constant,  and,  according  to  Voir,'  if  it  is  present  at  all.  ^    '> 

it  is  probably  due  to  tbo  action  of  the  acid. 

Pe}isin  alone,  as  above  stated,  has  no  action  on  proteids,  and  iini-^t  ^ 

acid  of  the  intensity  of  the  gastric  juice  can  only  very  slowly,  if  a*"  -•^ 

all,  dissolve  coagulated   albumin  at  the  temperature  of  the  body— ^*^' 

Pepsin  and  acid  together  not  only  act  more  quickly,  but  qualita ' 

tively  they  act  otherwise  than  the  acid  alone.     If  liquid  proteid  is 

digested  with  hydrochloric  acid  of  2  p.  m.,  it  is  converted  into  acid^ 

albuminates  ;  but  if  pepsin  is  previously  added  to  the  acid,  the- 

forniatioii  of  syntonin  takes  place  essentially  slower  under  the  same 

conditions  {Meissnkr).     From  this  it  is  inferred  that  a  part  of 

the  hydrochloric  acid  is  combined  with  the  pepsin,  and  we  have 

here  a  proof  of  the  existence  of  a  paired  acid,  called  by  C.  Schmidt 

pepsin  Injdrorhlorir  acid. 

It  hns  I'c'tn  fiirtlier  siippested  tliat  this  Lypothetical  acid  is  pospilily  decnm. 
pospd  ill  (iifiesiion  intti  free  pepsin  and  free  hyilrocliloric  acid,  which  in  gt<Uu 
mtw-^j't/i  liissolvcH  jirolt^ids  to  a  certain  degrt-e.  TLe  ]>ep9in  set  frt-e  reunites 
witli  a  new  portion  of  acid,  forming  pepsin  iiydrocliloric  acid,  and  in  contact 
with  ]>r(>ti>idK  19  further  decomposed  as  tibove  deRcrit>ed.  It  ia  hardlj  necessary 
to  iLicTilion  that  thisstatcmcDt  is  only  iin  unproved  hypothesis. 

Eennin  or  cuymosin  is  tlie  second  enzyme  of  the  gastric  juice. 
It  occurs  in  human  f^iistrrc  under  physiological  conditions,  but  may 
be  aUscnt  uikUt  special  palliological  conditions,  such  as  carcinoma, 
atropliv  of  tlic  mucous  membrane,  and  certain  chronic  catarrhs 
(IloAS,  .loHNwnN.  KLKMi'EKEit)."  It  is  habitually  found  in  the 
neutral,  watery  infusion  of  the  fourth  stomach  of  the  calf  and 
slioep,  ^specially  in  tin  infusion  of  the  fundus  part.  In  other 
mammals  and  in  birds  it  ia  seldom  found,  and  in  fishes  hardly  ever 
in  tlie  neutral  infusion. 

'  Zeitschr.  f.  Hioli>gJe,  Ikl.  28,    also  contains  1h«  literatare. 

'  A  good  review  of  tlie  literature  may  be  found  in  Szydlowski,  Beitraf^  xur 
Ki'nntiiisH  dns  Labenzvm  nach  Bflobachtungen  an  SSugliiigen,  Jaiirb.  f.  Kin* 
derheilkunde.  N.  F.,  Bd.  34. 
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In  these  cases  a  rennin- forming  subetance,  a  rmnin  xymogtut^ 
occurs  which  is  rouverled  into  n?miiii  by  the  action  of  nn  acid. 

UcuuiD  ta  just  iks  iliRiuuU  to  pivpure  iu  a  i)ure  stut<>  a«  ihc 
other  enzymes.  The  purest  rcnojn  enzyme  thtis  far  oblaiue*!  did 
not  give  the  ordinnr)-  proteid  reactiontt.  Od  heating  it«  solutions 
it  is  detttroyed,  and  indeed  more  ejisily  in  acid  tliaD  iu  ueiUral 
goUitious.  If  an  active  and  strong  infiisiuii  of  a  diuc<ju8  uont  itr 
WBter  coutEining  3  p.  m.  ]K'l  ib  h(?uted  to  37-40"  L".  Jor  48  hours, 
the  FL'tiuiti  is  detilriiyvd,  vrbile  the  ptpsin  rumuitis.  A  pupsiu  ttolu- 
lion  free  from  rcnuiu  cmi  hv  obtained  in  tliiii  way.  lieuiiiu  in 
clitLntcturized  by  ite>  physiulugical  action,  which  cutisistis  iu  coagu- 
lating milk  or  a  cuseiu  et^lution  uontuining  lime,  if  neutral  or  very 
(aiully  alkaline. 

Itonnio  may  be  carried  down  by  other  precipitate  like  other 
enzymce,  and  Ihutt  may  bf  obtjiined  relatively  pure.  It  may  Jilso 
be  obtuincd,  oonUiniinHled  with  a  greiit  deal  of  proteids,  by  extract- 
ing the  mucous  coat  of  the  stfiniikch  with  glynTin. 

A  romparatirely  pnre  aolnlion  of  rennin  may  he  ohtAined  in  the 
following  way.  Au  infiisiou  of  the  umeoiia  cowt  of  the  litoniacb  in 
hydroctiloric  acid  h  prepared  and  then  neiitralixed,  vlWx  which  it 
is  re|>oatcilly  i^hakeii  with  now  i[uantitiw  of  uiii:;ni!8ium  carbonate 
until  the  peptin  is  prc;cipilai<Hi.  The  (iltniu%  wliicli  should  act 
strongly  on  milk,  m  precipitated  by  basin  lead  acetate,  t)io  precipi- 
tate dtK<ompo8(^d  with  very  dilute  Kulphnric  acid,  the  acid  h'qnid 
filtered  and  troulod  whh  a  solution  of  steariu  aoap.  Tlic  rennin  ia^ 
carried  down  by  the  fatty  aoidrt  sot  free,  and  when  these  last  uro 
phif^  in  water  and  rcmovoil  by  shaking  witli  cthur,  the  rennin 
remains  in  tln^  watery  soliuioii. 

A  fasting  animal  may  secrete  a  strongly-acid  gastric  juioc. 
The  acid  of  the  gastric  jnice  then  cannot  be  derived  from  the  foods^ 
but  mu!>l  uriginatu  in  the  raucous  coat.  Ah  the  pyloric  glandfl, 
whicii  coutaiu  no  parietal  colls  secrete  an  alkiiliuu  socretioa 
aucordiug  to  Ueuiesuain  '  ami  Ki.i;mi;s3iewigz,'  while  the 
fundus  gliuidit.  which  contain  tlicHc  cells,  yit3iil  an  avid  secretioDr 
it  it;  generally  a^nmed  with  llEinENiiAiN  that  Uic  ]iarictal  cells 
an  of  special  importuncc  in  tin;  secroticu  of  free  liydn>chloric  acid 
— tt  statciuciu  which  other  observations  tend  Lu  conlirni.  The 
later    inrestigatious    of    l-'RiNKEL'   and   CostesIean'    seem    to 

*  PdO^er's  Arch..  Bdi).  18  aod  l8.  8eo  also  Hemunn'tt  IlaDdt>ucli.  Bd.  6, 
Til.  I.  "  AlfctonileruagsvorgOnge. " 

*  Wi»D.  SiUangsbcr.  Bd.  71. 

*  PflDgfTii  An:)!.,  B*rd.  46  niid  SO. 

*  I'nntriliulion  A.  I'l'tud*  de  1*  pbvnol.de  I'estomsc,  Tbise,  Parb,  ISftS.  Ali9 
AUly  s  Jabrvstwr..  Bd.  33,  8.  SOU.  ' 
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contradict  this  statement.     They  claim  that  the  chief  cells  as  wet  ^ 
as  tlie  parietal  cells  take  part  in  the  formation  of  acid. 

That  the  hydrochloric  acid  must  originate  from  the  chlorides  o:i-  ■^ 
the  blood  is  evident,  and  Kahn  '  has  g^ven  a  direct  proof  for  this —  ^* 

He  found  in  dogs  that  after  a  sufficiently  long  common-salt  starva ^^ 

tion  that  the  stomach  secreted  a  gastric  juice  containing  pepsin  but*"  -•t 

no  free  hydrochloric  acid.     On  tbe  administration  of  soluble  chio ^^ 

rides  a  gastric  juice  containing  hydrochloric  acid  was  immediately  ^^=^1.? 
secreted.  We  do  not  know  how  the  secretion  of  free  hydrochloric  =:»  c 
acid  originates. 

Whereas  it  used  to  be  considered  that  the  chlorides  were 
decomposed  by  an  electrolysis  or  by  organic  acids  produced  in  the 
mucosa.,  we  now  rather  generally  accept  the  process  as  suggested 
by  Maly. 

Maly  '  has  called  attention  to  the  fact  that,  on  account  of  the 
presence  of  a  large  quantity  of  free  carbon  dioxide  in  the  blood  and 
the  avidity  of  the  same,  there  must  be  present  among  the  numerous 
combinations  of  acids  and  bases  whicli  exist  in  the  serum  traces  of 
free  hydrochloric  acid  in  addition  to  acid  salts.  As  these  traces  of 
hydrochloric  acid  are  removed  from  tlie  blood  by  means  of  rapid 
diffusion  by  the  glands,  the  mass-action  of  the  carbon  dioxide 
must  set  free  new  traces  of  hydrochloric  acid  in  the  blood.  Id 
this  wa,y  may  be  explained  the  secretion  in  the  blood  of  large 
quantities  of  liydrochloric  acid  from  the  chlorides,  but  the  proof 
that  the  hydrocliloric  acid  set  free  passes  into  the  gastric  juice 
simply  by  diffusion,  is  missing.  Similar  processes  in  other  animal 
glands  render  it  probable  that  here,  as  in  other  cases  of  secretion, 
we  have  to  deal  witli  a  yet  unexplained  specific  secretory  action  of 
tlic  glandular  cells. 

L  Liebermann^  haw  laiely  proposed  a  new  theory  for  the  secretion  of  hydro- 
<?hloric  acid.  According  to  liJm  lecitlialbuiuin  occurs  Id  the  glandular  cells,  and 
this  combines  readily  with  alkalies.  Tlie  more  active  metabolism  in  the  glands 
(Uirhip  work  Inads  to  nn  aliiindniit  foriiiati-'ii  of  carbon  dioxide,  and  this  carbon 
dioxidi:  bv  its  inass-action  sets  liydrochloric  acid  free  from  the  chlorides.  The 
liyilroclilorie  acid  ]in«si-a  inio  thr  secretion  by  difTuaion,  while  the  alkalies  com- 
bine with  the  lecirliftlbiiniiti.  In  regard  to  details  of  this  theory  we  must  refer 
the  reader  lo  the  original  article. 

Xkncki  and   ScHOrMOW-SiMAKOWSKY  *   have  confirmed,   oa 
dogs,  theo  bservations  of  Ki'LZ,'  namoly,  that  the  introduction  of 
'  Zeitwchr.  f.  i.hysiol.  Chem.,  Bd,  10. 
'  IHd.,  1. 

»  PflQger'a  Arch.,  Bd.  50. 

*  Arch,  des  Sciences  biol.  de  St  Peteisboug,  Tome  8. 
^  Zeitschr.  f.  Biologie,  Bd.  23. 


PROPtCPBIlf. 


2:5 


I 


alkiUi  bromides  or  iodides  causes  a  roplaccmont  of  tbti  byjrocljoriu 
acid  of  Uie  gastric  juice  by  UUr  or  to  a  smiillor  extent  by  HI. 
On  cht'  determination  uf  the  quantity  of  cbloriue  in  the  variotiB 
tissues  and  fluids  under  oormal  conditions  and  after  the  odminis- 
tnition  of  Naltr  Ihoy  have  shown  that  bromine  can  also  replace  the 
chlorine  in  the  organism. 

After  an  abundant  meal,  when  the  store  of  popsiu  in  the  stem- 
acfa  is  rompleUilr  exhauitled,  Schifp  claims  that  certain  bodies, 
especially  dextrin,  hiivo  the  pro[ierty  of  cttiising  a  pnpply  of  iiepsin 
in  the  muc-iHia  luembrane.  TIiih  "charge  iheorj',"  ihou^h  experi- 
mentally  proved  by  flevt-nd  iriveeligatore,  has  iiovertlielt«H  not  yet 
conflrmed.      On  tho  roiitniry,  the  :;tatoment  of  Sciijpp'  thai  a 

itancc  formiiijf  pepsin,  a  '•  pejuinot/fti  "  or  "propepsin,"  occurs 
in  the  ventricle  has  been  proved.  Ij.iKin,K¥'  hiw  shown  positively 
the  existence  of  8Uoh  a  eubetancc  in  the  mucous  coat.  Thia  aub- 
atanee,  propepsin,  showa  a  comparatively  strong  reeistancc  to  dilute 
alltalies  (a  &oda  solution  uf  5  p.  m.),  wbiuh  easily  destroy  pepsin 
(Lasolky).  Pepsin,  on  the  other  hand,  witbatantls  better  than 
propepsin  the  action  of  cjirboii  dioxide,  which  quickly  deatroya  the 
ktter.  The  occurrence  of  a  rcnnin  ^cymogou  iu  the  mucous  coat 
has  been  mentioned  above. 

The  quetttiou  in  which  cells  the  two  zymogens,  efipecialty  the 
propepsin,  are  produced  has  been  extensively  discussed  for  several 
yi»u-«.  Formerly  it  was  the  general  opinion  that  the  parietal  cells 
were  pe[>siu  c^lla,  but  since  t)io  investigations  of  llECiDKN'itAiN^  and 
his  pupils.  LaNoley  and  others,  the  formation  of  [lep^in  bai>  been 
shifwd  to  the  chief  celb.  FitANKHi-and  Contoean  have  lately 
pn-sentad  objections  to  the  views  of  XlKinEsnAiN  that  certains  cells 
produce  the  zymogens  and  otiiers  only  the  acid. 

Th«  Pyloric  Secretion.  Thai  purt  of  the  pyloric  c-ml  of  the 
dog''d  stom:icli  which  contains  no  fundus  glands  wa«  distteetod  by 
Klehensiewicz,  one  end  being  sewed  together  in  the  shu^M)  of  a 
blind  Mick  and  the  ether  aewcd  itilo  the  stomach.  From  the 
liatula  thus  created  he  wm  abl«  to  obtain  the  pyloric  soeretiou  of  a 
living  animal.  This  secrL-tion  is  alkaline,  viscous,  jelly-like,  rich 
in  mncin.  of  a  specific  gravity  of  1.0C»9-1.010,  and  containing 
16.6-20.5  p,*m.  solids.  It  has  no  effect  on  fat,  but  acts,  though 
vary  slowly,  on  starch,   converting   it   into  sugar,   and   coutaiua 

'  LefoDK  s«r  1«  pliysiol   ilf  In.  HiBi-stion,  1367,  Tome  3. 
*  Luigley  wid  Edkius,  Jouni,  uf  I'byiiiol.,  Vgl,  7. 
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ordinarily  pepsin,  which  sometimea  occurs  in  considerable  amounts. 
This  has  been  observed  by  IIeideniiain'  in  permanent  pyloric 
fistula.  CoNTBJBAN*  ha8  investigated  the  pyloric  secretion  in 
other  ways,  and  finds  that  it  contains  both  acid  and  pepsin.  The 
alkaline  reaction  of  the  secretions  investigated  by  Heidenhais  and 
Klemensekwicz  ia  due,  according  to  Coxtejeas,  to  an  abnor- 
mal secretion  caused  by  the  operation,  because  the  stomach  readilj 
yields  an  alkaline  juice  instead  of  an  acid  one  under  abuonnal 
conditions.  Akermak'  has  found,  in  accordance  with  Heidbn- 
HAiN  and  Klemessiewicz,  that  the  i>yloric  secretion  of  a  dog  was 
alkaline.  He  could  never  detect  free  acid,  but  always  pepsin  and 
rennin. 

T)ie  secretion  of  the  juice  of  the  stomach  ia  dependent  to  a 
great  extent  ujjon  the  excitement  acting  on  the  mucous  coat  of  the 
stomach,  and  it  follows  from  this  that  the  quantity  of  secretion 
under  difterunt  couditiona  must  vary  conaiderably.  The  statements 
of  the  quantity  of  gastric  juice  secreted  in  a  certain  time  are  there- 
fore so  unreliable  tliut  they  need  not  be  taken  into  account. 

The  Chyme  and  the  Diifestion  in  the  Stomach.  By  means  of 
the  mechanical  irritation  of  the  mucous  coat  of  the  stomach,  as 
well  !is  by  tlio  chemical  irritation  caused  by  the  food  and  saliva,  an 
abundant  secretion  of  gastric  juice  occurs.  The  food  is  thereby 
freely  mixed  witli  liquid  and  is  gradually  converted  into  a  pulpy 
mass,  called  the  chyme.  This  mass  is  acid  in  reaction,  and,  with 
the  exception  of  the  interior  of  large  pieces  of  meat  or  other  solid 
foods,  the  cliyme  is  acid  throughout.  The  transformation  products 
of  tlie  digestion  of  protcids  and  carbohydratos  can  be  detected  ia 
the  chvnie;  likewise  more  or  less  changed  undigested  residues  of 
swallowed  food,  Avliii^h  indeed  form  the  chief  mass  of  the  chyme. 

Ill  the  chyme  morsels  of  meat  more  or  less  changed  are  found 
which,  wlieii  unboiled  meat  is  partaken  of,  may  be  much  swollen 
and  rilipjiery.  Mi'scle  and  ca kti lag e  are  also  often  swollen  and 
slippery,  while  pieces  of  iioxE  sometimes  show  a  rough  and  uneven 
Burfuee  after  tlie  digestion  has  continued  for  some  time,  which  de- 
pends n]ton  the  ftict  that  the  gelatinous  subatances  of  the  bone  are 
attjicked  more  quickly  by  the  gastric  juice  than  the  earthy  parts. 
AliLK  coagulates  in  the  stomach  by  the  combined  action  of  the  ren- 
nin and  the  acid,  but  in  certain  cases  by  the  action  of  the  acid 

'  L.  c. 

■  Bkand.  Arch.  f.  Pbysiol.,  Bd.  S. 
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alone.  From  the  relative  qiiantitira  of  the  awalloved  milk  ui  the 
othrr  food  either  Utro  imd  solid  Itiirips  of  cheese  are  formed  or 
cmitUer  lumps  or  gminA  which  are  diirided  in  the  pulpy  mass, 
Cotr's  milk  r^atarly  yields  targe,  mild  mtU8«s  or  lamps;  liiiman 
milk  jfiveii,  on  the  contrnrj,  a  Bne,  looiie  coagnltim  or  a  fine  pre<;ip' 
it.ite  which  if)  immediutely  rljiisolred  in  pnrt  by  the  sciil  liquid.  The 
milk-Angar  may  p&M  into  latrtic-acitj  fermenution,  and  this,  accord- 
it)£  to  RiORRT,  Ih  the  reai^on  why  the  acid  reACtioti  of  the  oont^iitoD 
•of  tlio  stomach  is;  greater  lit  the  end  of  the  digestion  of  a  meal  con- 
sitfling  mainly  of  milk. 

nRR.in,  (Specially  when  not  coo  freah,  is  conrertod  rather  easily 
into  a  pulpy  inasif  in  the  stomach.  Other  regetable  foods,  such  as 
POTATOKS.  Diay.  if  not  sufilcieDtly  masticat«d,  often  lie  found  in  the 
'L-oiiWntei  o(  the  stomach,  very  little  changed,  wveral  houra  after  a 
meal. 

Starch  is  not  converted  into  sn^r  by  the  gastric  juice,  but  in 
the  first  phases  of  the  digestion,  before  a  large  quantity  of  hydro- 
chtoric  ai-id  haA  axxrurnulated,  it  soema  that  the  action  of  the  saliva 
continues,  and  therefore  the  presence  of  dextrin  and  sugar  can  b« 
detects!  in  the  couteutj«of  the  stomach.  Rc-jiidcg  this  tlio  carbohy- 
tlratfjK  in  the  stomach  way  iu  jiart  iindt-rgo  a  laclic-aoid  fermenta- 
tion, caused  by  tlm  micro-organisms  prfseiit. 

According  to  tliu  iuvestlgatious  of  Ellenbbroeb  ami  Hopp- 
3IE18TKE'  ou  bursusuud  pigs,  afl«r  a  meal  rich  in  amyiacuous  bodies 
in  the  tirst  phase  of  the  digestion,  on  AMYIOLT^^IS  takes  place  with 
llie  formation  of  lactic  acid;  then  gastric  juice  containing  hydro- 
chloric acid  is  secreted,  wlieu  a  second  phase  in  which  pkoteuLYSIS 
lakes  place.  As  »  rule,  tlie  formation  of  tactic  acid  deLT«a;^c-s  us  tlie 
ftw^relion  of  hydro<;hloric  acid  increaaee.  Ewald  and  Boas'  claim 
that  a  similar  comlition  also  diets  in  human  bcinge.  They  claim 
that  there  ia  in  the  first  stage  of  digestion  a  predooii nance  of  lactic 
acid  Id  the  stomach,  in  the  sucoud  n  simultaneous  occtirrcnce  of 
lactic  tuid  hydrochloric  acids,  and  iu  the  third  stage  almost  exclu- 
sirely  hydrochloric  acids.  Kjaeboa.vbd'  hiu  lately  formed  the 
some  conclnsions  from  his  invcstigalionis  on  cliildren  and  robust 
persons.     In  i>cr^na  with  altered  blcK)d-ve&sels  due  to  senility  the 


<  Mnlv'it  Jabraxber.  Bild.  15  uid  IU. 

*  Virchow's  Arrb..  Hd    101. 

*  Ou.  VeDirikolfnrilOjfflEeD  hoe  eand«  Msnawker,  KjJJbvnbavD,  1888.     See 
UaiysJalir«sl>er..  tttl.  U. 
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contents  of  the  Btomach  show  chiefly  the  presence  of  lactic  acid. 
Such  persons  digest  large  amounts  of  carbohydrates,  while  tbft 
digestion  of  albuminous  bodies  is  decreased.  From  recent  inveeti- 
gations,  making  use  of  his  now  method  of  estimating  lactic  acid, 
BOAg'  considers  that  after  partaking  of  carbohydrates  lactic  acid 
does  not  occur  in  the  stomach  under  normal  conditions  nor  during 
the  continual  lack  of  hydrochloric  acid.  Lactic  acid,  on  the  con- 
trary, is  regularly  found  in  carcinoma. 

The  FATS  which  are  not  fluid  at  the  ordinary  temperature  melt 
in  the  stomach  at  the  temperature  of  the  body  and  become  fluid. 
In  the  same  way  the  fat  of  the  fatty  tissues  is  set  free  in  the 
stomach  by  the  gastric  juice  which  digests  the  cell-membrane.  The 
gastric  juice  itself  seems  to  have  no  action  on  fats.*  The  soluble 
salts  of  the  food  naturally  are  found  dissolved  in  the  liquids  of  the 
contents  of  the  stomach;  but  the  insoluble  salts  may  also  be  dis- 
solved by  the  acid  of  the  gastric  juice. 

Since  the  hydrochloric  acid  of  the  gastric  juice  prevents  the 
contents  of  the  stomach  from  fermenting  with  the  generation  of 
gas,  those  gases  which  occur  In  the  stomach  probably  depend,  at 
least  in  great  measure,  upon  the  swallowed  air  and  saliva,  and  upon 
those  gases  generated  in  the  intestine  and  returned  thrsugh  the 
pyloric  valve.  Planer'  found  in  the  stomach-gases  of  a  dog 
66-08^  N,  25-3.1^  CO,,  and  only  a  small  quantity,  0.8-C.l^  of 
ciygen.  Schiekbeck*  has  shown  that  a  part  of  the  carbon  di- 
oxide is  formed  by  the  mncoua  membrane  of  the  stomach.  Tbe 
tension  of  the  carbon  dioxide  in  the  stomach  corresponds,  accord- 
ing to  him,  to  30-40  mm.  llg  in  the  fasting  condition.  It  increases 
after  partaking  food,  independently  of  the  kind  of  food,  and  may 
rise  to  130-140  mm.  Hg  during  digestion.  The  curve  of  the  carbon- 
dioxide  tension  in  the  stomach  is  the  same  as  the  curve  of  acidity 
in  the  different  phases  of  digestion,  and  ScniERBECK  has  also  found 
that  the  carbon-dioxide  tension  is  considerably  increased  by  pilo- 
carpin,  but  diminished  by  nicotin.  According  to  him,  the  carbon 
dioxide  of  the  stomach  is  a  product  of  the  activity  of  tbe  secretory 
cells. 

■  Berlin,  klin.  Wocheoachr.,  1896. 

*  See  Ontejean,  "6ur  la  digestion  gaBtriqaedelagnisse,"  Arch.de  Fbyai- 
ologie,  (6)  Bd.  6. 

*  Wien.  Sitxungsber.,  Bd.  42,  1860. 

«  Bkan.  Arch.  f.  Pbysiol.,  Bdd.  8  and  5. 
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Aocordiag  as  the  food  U  fin&Iy  or  coaraoiy  UiTidcMl  it  pawea 
Der  or  later  through  thi!  pylorus  into  the  iuUistiiie.  From 
Buttcu's'  obserrutions  uu  a  liutiiaii  iiitealitial  fistula,  it  required 
generally  \b-^0  minuiBfi  iLftqr  eating  for  iindigi9it(!tl  lofA,  such  an 
pieces  of  maai,  to  jiiuu  into  the  ii[)pcr  juirt  itf  ih«  ^iiiiill  inicittirie. 
Li  a  cafie  of  duodi^nal  fwtula  in  a  hinntin  lioitig  ohBervoi)  hy 
£C'nKB,'  he  sav,  ten  mitiutee  after  (>ating,  unourdletl  but  still 
coaf^lablo  niitk  and  Bniull  piocoe  of  meat  \yaaA  out  of  the  llsttila. 
The  timo  in  which  llie  >!U)maf;li  unburdens  itaelf  of  its  contents 
depends,  however,  npon  the  rapidity  with  which  the  qnantrty  of 
'Siydrochlorin  acid  iricreibiea,  for  it  seoms  to  aiit  aa  a  sort  of  irritant 
juid  canseM  the  opening  of  the  pylorus.  Many  other  ooiiditious 
mlM  come  into  play,  namely,  the  activity  of  the  gastric  juice,  the 
quantit)'  and  character  of  the  fooil,  etc.,  etc.,  and  therefore  the 
time  required  Co  empty  the  stomach  must  bo  varinbU-.  IJtchet' 
obserred  in  a  case  of  stomiichic  ftsiula  that  in  man  the  quantity  of 
food  which  is  in  the  -(tomach  the  Qrst  thrt^e  hours  is  not  ossentially 
changed,  bub  that  i[i  the  courw  of  a  quarter  of  an  )ir)itr  nearly  all 
is  driven  out.  so  that  only  a  small  residue  remains.  KCune*  has 
jBadu  uboat  the  same  obt^urvations  on  dogs  and  human  bein^.  Tie 
found,  indeed,  in  dogs  that  in  tlie  first  nour  »nudl  qiiuutities  of 
Beat  pBMed  into  the  intestine  every  ten  miniiten;  but  he  also 
iOl>?erve«l  that  in  dogs,  on  an  average,  aheitt  five  hours  after  eating. 
In  man  somewhat  earlier,  a  free  emptying  into  the  intestine  takea 
ninety  According  to  otlier  investigators,  the  emptying  of  the 
bnman  stomach  does  not  toko  place  suddenly,  but  gradually. 
Beac'mont'  found  in  his  extensive  obserrations  on  the  Canadian 
hunter,  St.  Martik,  that  tlio  stomach,  as  a  rule,  is  emptied  IA-6^ 
hotin  aft«r  a  mo;il.  depending  r\\y>i\  tho  charncter  of  the  food. 

Tlie  time  in  tvliich  dilferent  foods  leiivu  the  stomach  depends 
ilso  upon  their  digestibility.  In  r^ard  to  the  uner^ual  digestibil- 
ity in  tlie  stomach  of  foods  rich  in  proteid^*.  whiirh  really  form  the 
ebject  of  the  action  of  tlie  gastric  juice,  u  rlistiuction  must  be  made 
between  the  rapidity  with  which  the  pratoids  are  convericd  into 
llbuinosea  and  peptones  and  the  rapiditrf  with  which  the  food  is 


'  Vlrrliftw's  Arch.,  B.i.  14 

*  Lflirbnch  d.  pbjrsiol.  Chcm.^  ti.  68. 
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ooiiTert«(l  into  olijrme,  or  at  least  so  prepared  that  it  may  ojuUr 
pass  into  the  intestine.  This  distinction  is  especially  importatit 
from  a  practical  standtioint.  When  a  proper  food  is  to  bo  cleciried 
upou  iu  cases  of  diminished  stoniachip  digestion,  it  is  important  to 
select  such  fooib  as.  iodependrtnt  of  the  ilifticulty  or  case  wiUi 
which  their  proteid  \h  peptonized,  leave  the  stomacli  easily  and 
quickly,  and  whidi  require  t\»  little  action  as  possible  on  the  part^ 
«f  this  orp^iui.  i'Voni  thie  point  of  view  those  foods,  as  a  rule,  ai«| 
most  di){estihle  which  are  tliiiil  from  the  start  or  may  bo  ea^ilj 
liquefied  in  the  stomach  ;  but-  ihi^AO  foods  are  hot  nlwaxi;  the  moet 
digcjitible  in  tlie  sense  ihaL  their  proteid  is  most  easily  peptonized. 
As  AD  example,  hard-boiled  white  of  egg  is  moi-e  easily  |>eptouixt-<l 
tlian  fiiiiit  white  of  ygg  wl  a  dejrree  of  acidity  of  1-2  p.  m.  HCI  ;' 
nevertheless  we  consider,  and  justly,  that  an  unboiled  or  soft-boiled 
egjf  is  C'Jisiur  lo  digest  than  a  hard-boiltni  one.  Likewise  uncooked 
meat,  when  it  ix  not  choppeiL  very  fine,  is  not  more  rjtiickly  but 
more  slowly  |»eptonizud  by  the  ga^triu  juice  than  the  cooked,  but  if 
it  id  divided  etutficieutly  fine  it  is  often  more  quickly  peptonized 
Ihun  the  cooked. 

The  greater  or  less  facility  with  which  the  different  albuminooj 
foods  are  peptonized  by  the  gaetriu  juice  has  been  com par.it ively 
little  Ktudic<l,  and  oa  the  couditionn  in  the  titomuch  arc  morv  com- 
plicated, results  obtained  with  artificial  gastrJu  juice  are  oftou  of 
no  value  fur  tiic  piiictiiHiug  phyuician  and  shonid  In  any  f.ase  be 
used  only  willi  the  greutobt  cuuliou.  Under  these  circumstances 
we  ciiuuut  euler  more  dec'ply  into  this  eiitbject,  but  the  reader  is 
referred  Lo  text-bouks  on  dietetii.'s  uud  the  study  of  foods. 

As  our  knowledge  of  the  digestibility  of  the  ditlereut  foods  in 
the  stomach  is  idiglit  ami  dubious,  m  also  our  knowledge  of  the 
action  of  uther  IxHlim,  such  us  alcoholic  drinks,  bitter  principles, 
apices,  etc,  on  the  iiatnnil  digestion  is  very  uncertain  and  imper- 
feot.  The  ditllcultiea  which  stand  iu  the  way  of  ihia  kind  of  in- 
veetjgation  are  very  great,  and  Uiorcforo  the  resnlfs  obtained  Uius 
far  are  often  ambiguous  or  conflict  with  each  other.  For  example, 
curtain  iuvoetigalora  liavo  observed  that  small  quantities  of  uloobol 
or  alcoholic  drinks  do  not  prevent  but  rather  facilitate  digestion; 
others  obsorvo  only  a  disturbing  action;  while  other  iuvestigaton 
beliere  to  have  found  that  the  alcohol  first  acta  somewhat  as  a  dia- 

■  Wawrinakj.  Upsda  Lakuvfs.  FOrli..  Bd.  A:  aw  also  Malv's  Jahraaber., 
Bd.  a 


tarbing  iigent,  but  afturffaitis,  vben  it  is  abeorbud,  it  produces  ail 
abuiid:iiit  H'cretioi]  of  gastric  juice,  and  thereby  facilitates  digeation 

(GlUZINSKI,'  CinTTRNIlKS'). 

The  digeation  of  snnilry  foods  in  not  tlependuiit  on  one  organ 
Hlone,  but  diridetl  among  several.  For  Hiia  reason  It  id  to  be 
czpecteit  tliiil  i.bc  various  iJigestive  organs  can  act  for  one  luiother 
to  a  oortnin  point,  and  tbat  therefore  the  work  of  the  stomach 
could  be  taken  up  moro  or  lots  by  tliu  inktitiue.  '1'hi.i  in  fart  is 
tlic  case.  Thus  the  siomaidi  of  &  dog  btu;  Ixvn  alnio^t  cwmpletclj 
extirpated  (Czekny/ Cahvallo,  and  Panci[ox  *),  and  aleo  that 
part  nocceaary  in  the  digestive  pmcesa  hiw  Iieon  tliminatdd  by 
plugging  the  pyloric  opening  (Liuuiu  and  Ooata'),  and  in  botJi 
cases  it  was  poeaibtc  to  keep  the  nnimal  ulive,  veil  f(>d,  and  strong. 
In  Ihcee  oases  it  ii^  ovidont  that  the  digestive  work  of  the  etomach 
was  taken  ap  b^-  the  jutestine.  Tbat  the  stomacb  uovortheleaa, 
daring  normiU  eonditions,  beara  on  eaacntia]  part  of  the  praceeB  of 
digffltion  may  1>c  inferred  from  tlie  fact  that  tlie  products  of  jiro- 
tcoiysis  can  generally  be  dottK^ted  in  the  contents  oX  the  human 
atomaoli  even  shortly  after  n  m«i!.  By  tests  on  doge  that  had  beeu 
given  meat-powder,  Cabn'  rounil  large  (luantitioa  of  peptone  in 
the  Htomach,  and  this  progressed  to  the  same  extent  aa  the  digos- 
tioBi  although  abaorption  took  place,  aa  Bhovn  by  SouHinr- 
MPlheiu.' 

It  is,  however,  quite  gcnerHlly  aasnmcd  that  no  pcptoniBation 
of  the  proleids  worth  mentioning  occurs  in  the  stomach,  and  that 
the  albumineiia  food.^  are  only  jireparcd  in  the  stomach  for  the  real 
digi'stive  practtses  in  the  inie^line.  That  the  stomach  serrcs  in 
the  first  place  as  a  storeroom  follows  rrtitn  ilu  shape,  and  this  func- 
tion is  of  Biwcial  value  in  cerfiin  new-born  animals,  for  instance  in 
dogs  and  oAta.  In  these  aniuiidH  the  accretion  of  the  8tonuw;h  con- 
tains only  hydrochloric  acid  but  no  pepsin,  imd  the  casein  of  the 
milk  is  ponrerle<l  by  the  acid  alone  into  soliil  lumps  or  a  solid 
coagnlam  winch  fillji  the  atomoeh.    Small  portioniiof  thiscoagnlum 


>  DMilacb.  Areb.  f.  kiln.  Mul.,  Bd.  30. 

*  Ccnlrelbl.  (.  d.  iJK-il.  Milt.-.,,  16811.  S.  4M. 

*  Cwtny,  lie'itrigv  zur  uimntiivt-n  l.'liiritrgle.    Stuttgart,  1978. 
BuDge.  Ijntirbocli  d«r  [ili^slnl   u.  |mih.  Cliem..  p.  150. 

*  Arch,  do  pbjrsiol.,  (&>T<tinir  T,  p.  106. 
'  On  Bols-Rcjrmond'a  Areti,  1681). 
■  ZtitflcUr.  I.  kliu.  Med..  Rd.  12 

*  Do  Bai».R«7mot)d'ft  Arcli.,  1879,  S.  89. 
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pass  in  to  the  intestiDe  only  little  bj  little,  and  an  overburdening  d 
the  intestine  is  thus  prevented.  In  other  animals,  such  as  the  snake 
and  certain  fislies,  which  swallow  their  food  entire,  it  is  certain  thst 
the  major  part  of  the  process  of  digestion  takes  place  in  the  stomach. 
The  importance  of  the  stomach  in  digestion  cannot  at  once  be 
decided.  It  varies  for  different  animals,  and  it  may  vary  in  the 
same  animal,  depending  upon  the  division  of  the  food,  the  rapidity 
with  which  tlie  peptonization  takes  place,  the  more  or  less  rapid 
increase  in  the  amount  of  hydrochloric  acid,  and  so  on. 

It  is  a  well-known  fact  that  the  contents  of  the  stomach  may  be 
kept  without  decomposing  for  some  time  by  means  of  hydrochlorie 
acid,  while,  on  the  contrary,  when  the  acid  is  neutralized  a  fer- 
mentation commences  by  which  tactic  acid  and  other  organic  acids 
are  formed.  The  hydrochloric  acid  of  the  gastric  juice  has  nnqaes- 
tionably  an  anti-fermeutive'  action,  and  also,  like  dilute  mineni 
acids,  an  antiseptic  action.  Tliis  action  is  of  importance,  as  mauj 
disease  micro-organisms  may  be  destroyed  by  the  gastric  juice. 
The  comma  bacillus  of  eliolera  is  killed  by  the  normal  acid  gastric 
juice,  while  if  it  is  introduced  into  the  stomach  after  an  injection 
of  a  soda  solution  it  may  remain  active.  Also  varieties  of  pyogenic 
streptococcus  and  the  atapbylococciis  pyog.  aureus  are  killed  by  the 
acid  gastric  juice.  Still  the  gastric  juice  does  not  act  on  all  micro- 
orgjuiisms,  and  especially  in  the  Btatt;  oF  spores  they  can  withstand 
its  action.  As  an  example,  tlio  tulxn-clu-virus  ia  not  dt^troyed  by 
the  gat^trit;  juice,  iiuil  the  spores  of  the  anthrax  bacteria  are  not 
always  destroyod  by  tlie  liydrocliloric  acid  of  the  gastric  juice.' 

Because  of  this  action '  the  cliief  importance  of  the  gastric  jnioe 
is  now  considered  to  be  its  antiseptic  action.  Itt  opposition  to  thiB 
view  C.vitVALrj)  anil  Pachox  have  sliown  in  a  dog  with  extirpated 
stomach  that  piitrefyiug  meat  could  be  partaken  of  without  distarb- 
iug  the  dif^i'stioii. 

After  death,  if  the  stomach  still  contains  food,  digestion  goes  on 
of  itself  not  only  in  the  stomach,  but  also  in  the  neighboring  organs^ 
during  the  slow  cooling  of  the  body.  This  leads  to  the  question, 
why  does  tlie  stomach  not  digest  itself  during  life  ?    Ever  since 

•  See  Killine'3  Lebrbuch,  p.  57;  Bunge,  Lflirbiicli.  pp.  142  and  153;  F. 
Colin,  Zeitsclir.  f.  pbyslol.  Chein.,  Bd.  14;   Hirsclifeld,  PUager'sArcli.,  Bd.  47. 

'  Soc  Fidk,  Virclio\v'a  Arcli.,  Bd.  93;  E.  Frank.  Deutsch.  mod.  Woch- 
enaclir.,  1884.  No.  24;  K.  Kocli.  ibid.,  1884,  No.  45. 

'  Bunge,  I.  c.  .  , 
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Pavt  '  liAs  shown  that  after  tying  the  smaller  blood-veswU  of  the 
«tomnch  of  dogs  the  corresponding  part  of  the  mncons  membraiice 
was  dige«tc<l,  efforts  have  been  mmle  to  find  the  canso  in  the 
aeatmliEatioD  of  the  acid  of  the  gaittric  jaice  by  the  alkali  of  the 
blood.  That  the  reason  for  the  non-digeation  daring  life  is  to  be 
sought  for  in  the  imrmal  circulation  of  the  blood  cannot  be  contra- 
dicted; bat  it  is  more  probably  found  in  the  fact  that  the  liring 
taacoiifl  coat  nonrisbed  by  the  alkaline  blonJ  shows  finite  different 
absorption,  diflnsion,  and  nitration  proportien  than  the  dead  mucous 
coat.     This  last  uraa  shown  long  ago  by  Uaxkk.' 

Under  pathologiral  conditions  irregularities  in  the  secretion  m 
well  ta  in  the  aheorption  and  in  the  mechanical  work  of  the  stomach 
may  oocur.  Pepsin  is  almost  always  present,  bat  the  absence  of 
the  ronnin,  as  above  stated,  may  occur  in  many  c:ises  (DoAti, 
JoHSSOS,  Klemperkr*).  In  regard  to  the  acid,  it  sliould  be 
mentioned  that  sometimes  this  secretion  may  be  increased  so  that 
an  ^mormally  acid  gastric  jtiice  is  secreted,  and  sometimes  may  bo 
dsoreMed  so  that  little  or  hardly  any  hydrochloric  acid  is  secreted. 
A  bypenecretion  of  acid  gastric  juice  sometimes  occnn.  In  the 
secretion  of  too  little  hydrochloric  acid  the  same  conditions  appeox 
as  after  the  ncutrulixution  of  the  acid  contents  of  the  stomach  oiit- 
sido  of  the  organism.  Fermentation  processes  now  appear  in  which, 
besides  lactic  acid,  there  u])pear  also  volatile  fatty  acids,  such  as 
batrrio  and  aoetio  acidH,  etc.,  and  gases  like  hydrogen.  These 
fermentation  prodttctti  are  therefore  often  found  in  tliu  stomach  in 
cases  of  chntnic  catarrh  of  the  stotnuch,  which  may  give  rise  to 
belching,  pyrosis,  and  othur  symptoms. 

Among  the  foreign  substauoos  found  m  the  contents  of  the 
Etomach  we  have  urka,  or  aminotiiiini  carbonate  derived  therefrom 
in  nm-mia;  itix>oD,  which  generally  forma  a  dark-brown  moss 
throngh  the  presence  of  hajmatiu,  due  to  the  action  of  the  gastric 
jnice;  niT.K,  which,  ot<peciaIly  during  vomiting,  easily  finds  its  way 
tlirongh  the  pylorus  into  the  stomach,  but  whose  prase&ce  seems  to 
be  without  iro|iortancQ. 

If  it  is  desired  to  test  the  gastric  juice  or  the  contents  of  the 
stomach  tor  pepvin,  Qbrin  may  be  employed.     If  this  is  thoroughly 

■  PUiUw.  TrausaciJoDS,  VoL  193,  I*Brt  1,  uid  Uuy's  HoipiUl  Kopons. 
Vol.  18. 

*  See  Ranke.  firunUsQgo  dur  Pliysio).,  S.  And..  1875.  8.  lU-JSO. 

■  See  foot-m>le.  p.  372, 
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washed  imme'liately  after  beating  tlie  blood,  well  preeaod  ajtl  placed 
ill  glycerin,  it  may  be  kept  in  ^erviuculjlo  coiiditiou  an  iiidelinitely 
long  time,  'i'lie  gustriu  jnice  or  the  matter  contained  in  the 
Btomach- — the  latter,  if  necessary,  having  been  previously  diluted 
with  I  \\.  ni.  hydrochlorift  aciil — i>t  filtered  and  testeil  with  (ibriu  at 
grdiuary  teiuperatore,  (It  must  not  be  forj^otteu  that  u  cuulral 
test  Diiidt  be  mtidu  with  acid  al<jue  and  anotlier  portion  of  the  sum 
librin.)  If  the  fibrin  is  not  noticeably  digested  within  one  or  two 
hoiira,  no  ]K!])gin  iu  jireeent,  or  itt  ino^t  there  are  only  tilight  tracee. 

In  testing  for  renntn  tlic  li<|iiid  must  ho  first  carofully  ueutnil- 
izod.  To  10  c.  c.  unboiled  amphotoric  (not  acid)  reacting  cow's 
iniLk  add  1-'^  c.  c.  of  the  fdtered  neutralizeil  liquid;  but  care  nioet 
be  taken  not  to  aild  too  much  of  the  liquid  from  the  stotnuch,  for 
the  coagulation  may  be  retarded  or  preventer!  by  diluting  the  milk. 
In  the  pre^nco  of  rouuin  the  milk  should  congtilata  to  a  Aolid  uiaM 
at  the  temperatum  of  the  body  in  the  course  of  1()-^()  mioates 
witbont  ohan^Dg  it«!  reaction.  If  the  milk  itt  ditutMl  too  mncli  by 
tlte  mUlition  of  tlie  liijuid  of  the  stomiu;ii,  only  course  Hakes  are 
obtiiinodaud  no  solid  coagiUuca.  Addition  of  lime-salts  is  to  be 
avoided,  aa  they  in  grout  t-xeeuti  may  produuti  a  partial  ooagnlatjoii 
even  in  t!ie  abdenue  of  rennin. 

In  many  c&^s  it  is  especially  im]>nrtant  to  determine  the  dfffTet 
of  acidit\j  of  th^  cfatlric  juice.  This  may  be  done  by  the  ordinary 
titration  methods.  PhcJiol  phthalein  niiijtt  not  bo  used  as  an  indi- 
cator, lor  we  got  too  high  results  in  the  presence  of  largo  quantitieb 
of  proteidtt.  ('mod  reniiltH  nui>y  b»  obtained,  on  ifie  contrary,  by 
nsing  very  delicate  lit[nns-pa])or.  As  the  acid  reaction  of  the  con- 
tentft  of  th£>  stomach  may  be  canned  sinnillmieouBly  by  Bcvenil  acids, 
still  the  degree  of  acidity  is  here,  as  in  other  cases,  ei'preswd  in  only 
one  acid,  e.g.,  UCl,     Ueuerally  thu  acidity  li  expreeBed   by  the 

nnmber  of  o.  c  of   ~  caustic  soda  which  is  required  to  nentralixe 

the  several  acids  in  lOO  c.  c.  of  the  liquid  of  the  stomach.     An 
acidity  of  \'A^  meunti  that  100  c.  c.  of  the  liquid  of  the  stomach 

required  43  o.  o.  of  ^  eanstic  soda  to  neutralize  it, 

The  acid  reaction  may  be  partly  due  to  free  acid,  partly  to  acid 
Baits  (utonophosp hates),  and  purtly  to  both.  According  to  Leo  '  «e 
oan  tent  for  acid  plio»pliutcit  by  calcium  carbonate,  which  id  not 
Deutnilized  therewith,  while  ttie  free  acida  are.  If  the  gastric  con- 
tent has  a  neutral  reiiction  after  shaking  with  calcium  carlionatc 
and  the  carbon  dioxide  is  driven  out  by  a  cnrrent  of  aip»  then 
it  coniatnii  only  free  acid;  if  it  has  an  ae^X  reaction,  then  acid  pho** 
phates  are  present;  and  if  it  is  lees  acid  than  before,  ttcouuiius 

■  Ceurslbl.  t.  d.  ui»d.  Wiuonsrli..  1830,  8.  431.  and  Dia^aelik  der  Kranli- 
hsicoQ  dur  VenlftuungBorgKiie  (Berlin,   1890) .   also  PBUtrei'ti  Areb.,  Bd.  ti:  S. 
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both  froc  acid  and  acid  jilionpliato.  Tliis  niothmi  can  also  be  applied 
in  the  ftatiiiiHtinri  of  frea  aciii  (ttee  below). 

It  is  also  import«Dt  to  be  itblo  to  uncertain  the  natnro  of  the  Hcid 
or  fecidA  oocarring  in  the  contents  of  the  stomach.  I''or  this  ]inr- 
p«ie,  »inl  eapecittlly  for  the  (leiotiJit  v/  free  hyUrochhric  acid,  a 
great  uuuiber  of  color  reactious  havu  been  proposed,  which  are  all 
based  upon  the  fact  that  tho  coloring  Biibstaiioe  gix'cs  a  character- 
istic color  with  very  Bmall  qnantiMea  of  hyilrocliloric  acid,  while 
lactic  acid  and  the  other  orgiinic  acids  do  not  give  these  colorations, 
or  only  in  a  certain  concentration,  whicli  can  imrdly  exint  in  the 
conteiit«  of  the  stomach.  These  reagents  are  a  mixture  of  i-khkic 
ACKTATEand  i<»TASSll"M  SL'LI'IIO'.VA.VU'E  solution  (Moilli'>  reugeut 
Ijus  Iwen  motlified  by  eovcral  tnve^tigatort^),  HKTiiYUiMl.lX'ViciLin', 
TBUI'-«ULIN    00,    CoN(»i  BKI),    «AI.A<:niTH-(i«EK\,    I'll UJlUMiljfCIS- 

VAViLiJN,  nKKJioi'iiRprnix  *i  H,  ami  others.  As  reagents  tor /tm 
iaciw  acid  Ukkklmasn  snggMls  a  strongly  diluted,  ainethyst-bld* 
solution  of  PEBRic  cnLOKtim  aud  caukolic  aciu  or  a  strongly 
diluted,  nearly  colorless  solutioti  of  fckkk  chlokiug.  These  give 
a  yollow  with  lactic  acid,  but  not  with  liydrorliluric  acid  or  with 
volatile  fatty  acids.  Instead  of  the  untrustworthy  lactic-at-id  renc- 
tioaof  Uffelman'S,  Bi(i\s'  makes  nse,  in  the  dctcftion  and  ostima- 
lion  of  lactic  acid,  of  tho  pro]>erty  of  lactic  acid  of  being  oxidized 
into  aldehyde  and  formic  acid  on  careful  oxidation  with  sulphuric 
acid  and  manganese  dioxide.  The  aldehyde  ia  detected  by  its 
forming  iodoform  with  an  atkalinn  iodine  aolution  or  by  itti  forming 
aldehyde   mercury   with    N'c8.slbk*s    rcagcut.      The  r^nantitutive 

estimation  consists  in  the  fonnation   of  iodoform  with        iodine 

•olntion  and  caustic  pola«h,  adding  an  exce<«  of  liydrochlortc  acid 

N 

and  titrating  with  a  —   Kodiuin  ardcnite  solutinti  luid    retitrating 

vith  iodine  solution,  after  the  addition  of  starch -jiaste,  until  a  blue 
coloration  is  obtained. 

Tho  value  of  tlipae  reagents  in  testing  for  freo  hydrochloric  acid 
or  luetic  acid  is  utill  dispnted.'  Among  the  r&igent.'i  fnr  free  hydro- 
chloric acid,  Moim's  teat  (even  tlioiigh  not  very  delieate),  Orsz- 
BDft0^8  test  with  phlorogluciu-vunilliu,  and  the  tet>t  with  trapujotiu 
00,  performed  in  moderate  beat  ns  siiggestotl  by  Hoas,  Bconi  to  bo 
the  moHt  valuable.  If  these  tcfttt;  give  poiiitive  roeiilts,  then  the 
presence  of  hydrochloric  acid  may  i»e  considered  as  proved.  A 
negative  rcflnlt  docs  not  eliminate  the  prescnc-o  of  hydrochloric  acid, 
OB  the  delicacy  of  these  reactions  has  n  limit,  and  also  the  stmul- 
taneou*  presence  of  proteid,  jieptouea,  and  other  bodies  iutlueuceii 

*  Ovutacb.    UMsl.  WoctuMiMchr.,  1^3,  and  MtliinLvii^T  mad.    Wocltansclir., 

*  In   reftanl  to  ilie  extensive    liu-mtaro  r'n  lUia  quMlioo  wo  rwfer  lo  v. 
Jtluolt,  KU&i)i«lMi  DijignotUk  Inavrtr  Emnkliuiteo.  4.  Aud..  18M,  Seetiofi  S. 
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the  rooctioos  moro  or  leee.    The  reactious  for  Inctic  acid' 
givo  negiitivo  i-cBiilL-i  in  Uie  jireseiice  of  comiiarativelj'  large  <iii»iitl 
tiee  of  hydrochloric  arid  In  the  liquid  to  bu  tested.     Sngar.  nntivho- 
cyaT)i<]es,  and  otber  bodies  may  act  vith  these  rettgeuU  siiuiiariy  to 
lactic  acid. 

Ju  order  to  be  abk>  to  correctly  judge  of  the  tuIuc  of  the  diiler- 
ent  reiLgeiits  for  free  hvdrochlorio  acid,  it  U  ri:itnnUty  of  greatest 
iniporLauco  to  bo  clonr  in  regard  tn  what  wu  mean  by  free  bydm- 
clitoriu  acid.  It  iei  ti  well-known  fact  that  hydrochlorto  acid  com- 
bines with  proeeids,  and  a  considerable  part  of  the  byd  rochloric  acid 
may  tlterefore  exist  in  the  contents  of  the  »toni»cb,  after  a  uieal  ricli 
in  proteids,  iu  coinbiuutiou  with  proteidu.  Tliis  iiydrodiloric  ucitl 
cuinbiiiud  with  proteidb,  us  well  att  tliiit  ivhich  is  combined  wiUi 
amido-acids,  cunnot  be  considered  as  free,  and  it  iri  for  this  rosMn 
that  C4^rktun  investigators  coiiflider  Rnrh  methods  as  tbow  of  Leo 
and  Sjr>(j:Vi.sT,  vliich  will  be  de»i<?ribed  below,  as  of  little  vnJae. 
Ilowewr,  it  tnudt  bt>  remarked  that,  accordios  to  the  unaniuioiu 
experience  of  many  iiirestigutora,  the  hydruchloric  scJd  combined 
with  pixfteidsond  al^o  thatcoubjno^  with  amido-acids  (Salkowski 
and  Ki  M.vr.AWA')  is  pbyr«iolo^iuitly  active.  Tboao  rcoclionR  (color 
reacfcions)  wbiL-h  only  respond  to  actually  free  hydrochloric  acid  do 
not  show  the  physiologiniUly  URtive  hydrochloric  acid.  The  augget- 
tion  of  dcterniinins  tlie  "  physiologically  active  "  hydrochloric  add 
iostead  of  the  "  free ''''  seems  to  be  correct  iu  principle;  and  as  tbt 
conceptionii  uf  free  and  phydtoloj^ically  actire  Iiyd rochloric  acid  do 
not  cover  one  anntbcr  we  must  always  bo  clear,  if  wc  want  to 
determine  the  actnally  free  or  the  phyaiolofpcally  active  hydrocblorJe 
acid,  before  wh  judge  of  the  ralue  of  a  certain  reaction. 

As  the  above-mentioned  reactions  for  hydrochloric  ncid  and 
organic  acids  are  not  suiliciont  In  exact  inve^tigutiona.  still  the; 
may  serve  in  many  cases  for  clinical  parpoees,  and  it  will  miftice  to 
refer  the  reader  to  nthor  text-hooks,  and  especially  to  ^^Ktinisch 
Diagnasiik  umtrer  KrankhplUn,'^  hy  It.  v.  Jaksi'U,  4th  edition, 
1806,  for  the  porformancc  and  the  relative  volne  of  theae  tests. 

AJnoug  the  maay  methods  suggested  for  the  qnantitattve  ceti- 
tnatiou  of  hydrochloiic  acid  not  combined  with  iuorgauic  bases,  tb^^ 
two  following  are  the  nia^tl  trustworthy.  ^H 

The  methad  of  K.  Mnnssn  n»d  Sjnqrmr  depond.1  on  the  fot^ 
lowing  principle:  When  the  gaatric  jnico  is  evaporat«d  to  dnrne«8 
with  Iwrnnm  carbonate  and  then  calcined  the  organic  acids  bnrn  up 
and  give  iu&olnble  barium  carbonate,  while  the  hydrochloric  acid 
forms  soluble  barium  chloride.  From  the  ((uantily  of  thta  tli* 
origiiiul  amount  of  hydnKrhluricacid  can  he  i»i.lculat«d.  10  c.  c,  of 
tlie  filtered  oontonta  of  the  stomach  is  mixed  tn  a  small  platinnm 
or  itilver  dinb  with  a  knife-point  of  barium  carbonate  free  frotu 
ublorides,  and  erajwrated  to  dryne^.     The  residne  is  burnt  ud 

*  Vlrebow'a  Areh.,  Bd.  n%. 
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Uowed  to  glow  for  a  few  miLotes.  Th«  cooleO  carbon  is  ^ntly 
rubbed  with  water  and  coniiiletely  extmcbeil  with  boiling  water, 

,nd  the  GltRito  (aWut  50  o.  c.)  treattNl  with  un  (k^uivI  Tmumu  of 
Alcohol  and  3-4  c.  c.  sodinm  acetitLe  solutiari  (ID^i  siietic  acid  and 
lOjf  acetate).  The  amount  of  hariimi  in  thetiltmle  is  determiued 
by  titration  with  a  solutiuu  of  polasaium  btchruriiiLte,  in  which  the 

llcohol  facilitates  the  precipitation  of  the  bariitm  cbromatc,  wliilc 
the  acetate  preventa  hi  part  the  precipitation  of  thi<  caluimiiu  cnr- 
lionate  and  in  part  tlie  AOtting  free  of  hjdroohlortc  acid.  The 
potosaiDm-bichromaCe  solndon  shonld  cootaiu  about  8.5  grma. 
'pritii.s.^iuin  bichromate  to  the  litre.     Im  titre  uiuitt  exactly  corre< 

apond  witli  an  '--  harium-uhloride solution,  and  the  procedure  U  the 


10 


same  as  in  the  titration  of  the  Ha('i^  Bohition  obtained  from  the 
concoata  of  the8tomach.  A  paper  moisteuod  with  tetrametbylpara- 
phenylendiamin  '\a  uaod  oa  indicator;  this  i»  colored  bine  by  a 
bichromate  in  acetic-acid  solntloo.  lu  titrating  we  add  chromate 
solation  as  long  tu  the  barium  uhroinute  pr«c-tpiuited  does  not 
Apparently  increase,  then  teat  with  the  indicutor-puper  after  each 
Addition  until  it  gives  a  decided  blue  coloration  wiibin  one  mitiute, 
And  stop  uddirtg  ctiroinaii!  tuilution.     As  the  titre  of  the  chromate 

aolution  baa  been  determined  by  an  —  BaCI^  solution,  it  i«  easy  to 

calculate  the  quantity  of  HCI  in  10  c.  c.  of  the  gastric  jtiice  corre* 
Apoudiug  to  thti  number  of  c  c  of  the  chromutu  sulutiou  iu>ed.  If 
tbe  total  acidity  is  determined  in  a  second  jiortion  of  the  gastric 
juice,  then  the  fjuantily  of  Luetic  acid  or  other  organic  acidri  rupre- 
aentiHl  as  \\VA  may  be  ndcolaced.  v.  Jakscii  snggeats  prtKupi- 
taiing  the  barium  witli  siilpitiiric  acid  and  weighing  the  sulphate 
iniCRad  of  titrating.  Sju<jv)HT'  has  modified  hi«  mothod  of  deter- 
mining  bydrocbloric  acid  by  precipitating  the  solution  of  ItaCl,  by 
Amjuouiuni  cbromate  in  tbe  proiienco  of  acetic  acid.  Tbiit  precipi- 
tate ia  disEolved  in  water  by  the  aid  of  a  little  ilCl,  then  titrated 
vltb  a  potassiom-iodido  Boiotion  and  hydrocliloric  acid,  and  now 
titrated  with  sodinm  bvposinlphite.  The  reactions  take  place  aa 
follows:  41101  +  -^llaCO,  =  -iifciCi,  +  SH.O  -|-  aCO,;  '.iU^Ol,  -f 
2(MI,),CrO.  ^  •2BaUrO.-t-4NlI  Cl;3ISaCrO  -(-1«HCI  -|- OKI  =^ 
SlJaCl.  +  Cr.Cl,  -t-  SII.O  +  ilKCU  +  31,;  and  :il,  4-  CXa^S.O,  = 
€XaI  +  3\a,.S,0,.  ICuch  c.c.  of  the  hyposulpliite  correapouda  to 
Ti  mgm.  U(M.  Other  nuxlittt^ationB  of  this  method  have  been  pro- 
posed by  Salkowski  and  F.vwitzki,'  IJoah.'  and  BoirnuKT."  This 
tbod  of  Moknbu-Sjoqvist  gires,  according  to  Leo  *  and  KofvS- 

•  Sktn-  AKb.  r.  Pbyaiol.  B<).  9. 

•  Virebow'B  A«rh.,  Bd.  \'iZ. 
iCffDtnlbl   r.  kliD.  M<^  ,  II<I.  13. 

•  Schmidt's  JslirbQcher,  laHl.  Bd.  230  (R«t«ra&c«). 
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LKR.'  in  tlie  presence  of  plioiqihateft,  too  low  valnes,  bnt  it  is  otbo 
wise  very  g(>od. 

Laos  Method.*  10  c  c  of  the  filtered  gartric  jnioe  i«  treated 
witb  aboat  5  o.  o.  oalciatn -chloride  solution,  uid  the  total  acidity 

N 
iletermioed  by   -  canstic-soda  Bolution,  using  littnnn  oa  the  indi- 

(^iitor.  Then  shikko  15  c.  c,  of  tlio  eamo  gastric  jiiioe  with  |>are^ 
finely  powdereil  calcium  CHi'bormte,  filter  through  a  dry  nlt*r, 
removo  the  cnrbon  dioxide  from  the  filtrate  by  means  of  u  current 
of  air,  meaBurc  off  exactly  10  c.  c.  of  the  li'iaid  and  trewt  wrilb 
&  c  c.  of  tlie  caleiiiin-chlyride  Bolution,  and  a«.i(l  litmus  and  Utmte 
again.  The  dilTurenou  between  the  two  tilrntions  shovre  the  acidity 
dno  to  free  acid.  ."Vny  fatty  iicids  present  may  bo  eliaken  out  from 
another  portion  liy  ether  and  the  acidity  dotDrmined  on  the  s{ion* 
lanootis  cx-apomtion  of  the  ether. 

lly  determining  the  electriml  r«8i8tanc«  SjfHsnsT  has  been  able 
to  determine  the  amount  of  actnally  free  acid  and  that  eombioed 
with  alkali  in  a  mixture  of  hydrochloric  acid  and  alkali  niuuoplioe- 
iihnle.  He  riiid?  that  the  <|Uanuty  of  hydrochloric  acid  found  tiy 
Mi>KNEK-S.ir)(jviHT"s  metlioij  in  bucIi  mixtun»  corresponds  Ter\' 
closely  to  the  qii.-iTitity  iiRtiialiy  preKont.  He  upholds  his  inetlioil 
in  opposition  to  TiEcrs  niothml,  which,  according  to  him,  doea  not 
give  accurate  resulti*  tor  free  iieid. 

Other  motliods  haro  liecn  proposetl  i}j  (.'aiis  and  t.  Mekino, 
HtiPFMASN,  WfKTEK  and  Hayj:m,  and  ItKAUS.  According  to 
KofWLER*  the  throe  last- mentioned  methods  are  not  quite  serrice- 
nble. 

In  testing  for  volatth  fatty  acids  the  cont«nt8  of  the  stomal 
ahoold  not  be  directly  distilled,  an  volatile  fatty  acids  may  be 
fonned  by  the  decomposition  of  other  bodies,  sticli  as  proteld  laii 
hsamoglttliin.  Thd  nmitrali/od  contents  of  tlio  gtomach  are  there- 
fore precipitateil  with  alcohol  at  ordinary  tenipemturc,  filtered 
qnickly,  pressed,  and  repeatedly  extracted  with  alcohol.  The  alco- 
holic extracts  are  niude  fuinily  alkaline  by  aoda,  and  the  ulcnlio] 
diKtilleil.  The  roeiduo  is  now  acidified  by  Bulp}mric  or  phosphorio 
acid  and  distilleil.  The  dit«tiliate  ih  neutralized  by  sods  and  evnp* 
onitcd  to  dryness  on  the  woter-biith.  The  roBidno  is  extracted  with 
abflolnte  alcohol,  filtcreil,  the  alcohol  distilled  off,  and  ihis  roaiiluo 
dissolved  in  a  little  water.  This  solution  may  be  directlv  teste<l  for 
aoetio  a<nd  with  sulphnric  acid  and  alcohol  or  witli  ferric  chloride. 
Formic  ucid  may  be  teeted  for  by  silver  nitrate,  which  (juickly  given 
a  h]ack  jirecipit'ate;  and  butyric  acid  is  detected  by  the  udor  after 
the  addition  of  an  acid.     In  reganl  to  the  raethotU  for  more  fully 

>  ?<otiaehr.  (.  pbjBlol,  Cbetn..  Bd.  17. 
«L.c 
.*(,.«-.  se^klso  MtxoTftkt  utdL    Nencki,  Arch.  d«a  sciettooH  biotogiqaM,  9t 
i>b(wir({,  Tmuih  1. 
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iiiTMtigating  tlic  diiTcrcnt  TolatUe  fatty  acids,  the  reader  is  referred 
to  other  text*bookfi. 


111.  The  Glnii4lK  <if  the  Miieoiis  Mcmliraiie  of  the 
InicNtiiu*  and  t.lit^r  SfHTretiuUH. 

The  SeeretioD  of  Brunner's  QlandB.  TheiM  glajida  are  ynrtlj 
considered  m  sm&\[  jiuncnia:-  I'laiulHiind  partly  R»  miicoitK  oraaliTary 
glnuds.  Thdir  imjiortjiiKro  in  \:ii-iauti  aniiimtfi  is  dilTertmt.  Accord- 
ing to  OnCTKN'Ritf'  in  dogs  they  are  closely  related  to  the  pyloric 
glHiuU  and  contain  jiejimu.  Thu  ticatements  in  regard  to  the  occur- 
rence of  a  diuta-tatic  <nii!ytiie  are  contradictory,  and  the  diltlciilty  of 
collecting  tlie  Aecretiou  from  these  gland«  free  from  con tumi nation 
malies  these  assuniptioiu  somenrlmt  unrcliabto. 

The  Secretion  of  Lieberknhn's  Qlands.  The  secretion  of  these 
glands  hiis  been  studied  by  the  aid  of  u  fistula  in  the  intestine 
Recording  to  the  method  of  Tuiuy'  and  Vella.'  Very  little  if 
uiy  secretion  takes  place  in  fasting  anitmilB  (dog)  when  the  miicoua 
membrano  is  not  irritated.  The  socrellon  begins  in  the  iirst  hoar 
after  partaking  of  food,  but  the  maxiiniini  varies  witli  the  ([uantitj 
and  character  of  the  food.'  Moclianical,  chemical,  or  electrical 
irritation  6xcit«8  a  secretion  or  inoreues  that  already  began 
(TniBY).  Lfliutives  do  iiot  increase  the  secretion,  while  pilocarpin 
prodncca  a  very  abnudant  one  (Masi.upp'  and  Vklla).  The 
quantity  of  this  secretion  in  the  course  of  24  honrs  has  not  beou 
exactly  detemiinod. 

In  tho  npper  part  of  the  small  intestine  of  the  dog  this  secretion 
IB  scanty,  slimy,  and  gelatinous;  iit  the  lower  part  it  ia  more  fltiid* 
with  gelatinous  luiripH  or  flakes  (Kuitmaxn"  ').  Intestinal  juice  has 
a  strong  alkaline  reaction,  generates  curbon  dioxide  on  the  addition 
of  an  acid,  and  contains  (in  dogs)  neariy  ti  constant  qnantity  of 
NaCI  and  Na,f'0„  4. 8-5  and  -1-5  p.  m.  respfvtirely  <niTirii,EwsKi»* 
KiiUMAN'N).  It  contains  prot^id  {Tiiiry  found  R.di  p.  m.),  the 
qnanti^  decrenjiing  with  the  duration  of  the  elimination.     The 

'  PdOKor'A  Arch..  IW.  13. 

*  Wicn.  SiUUD^ber..  Btl.  SO. 

*  MolMcbott'a  ITolrnucli.,  Kil.  18. 

*  Sve  BL-lilcnbUD  lu  UermiuiD's  Uaadbucb,  Bd.  0,  Tb.  1,  S.  170. 

*  Ciiecl  fr»in  I!i!i<l«Dlimu,  iUti.,  S.  171. 

*  PlinpcfB  Arch.,  Bd.  41. 
'  Pud.,  Bd.  90. 
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quantity  of  solidB  varies.  In  dogs  the  quantity  of  soUds  is  li.'l- 
2-1.1  p.  m.,  and  in  sheep  46-47  p.  m.  The  8i>ecific  gravity  of  the 
intestinal  juice  of  the  dog,  according  to  the  observationa  of  Thibt, 
is  1.010-1.0107. 

Tiie  action  of  the  intestinal  juice  has  been  studied  by  numy 
investigators,  but  the  statements  concerning  it  are  at  variance. 
According  to  certain  experimenters  it  has  the  power  of  converting 
starch  into  sugar,  but  others  claim  that  it  has  not  the  property. 
However,  it  seema  generally  accepted,  as  shown  by  PAScnrTis,' 
Brows  and  Heron,'  Bastiaxelli,'  and  others,  that  the  intestinal 
juice  or  an  infusion  of  the  mucons  membrane  has  an  inverting 
action  on  cane-sugar  or  maltose.  This  has  been  further  confirmed 
by  MiUKA,  Pawtz  and  Vogel.*  Lactose  does  not  seem  to  be 
inverted  by  the  intestinal  juice  in  the  absence  of  micro-organisms.' 
The  action  on  carbohydrates  takes  place  more  quickly  and  to  a 
greater  extent  in  the  upper  part  of  the  intestine,  and  correspond- 
ingly the  absorption  of  starcli  and  sugar  occurs  more  qnickly  in  the 
upper  part  than  in  the  lower  section  of  the  intestine  (Lankois  and 
Lbpine,*  Roiimann). 

Intestinal  juice  does  not  split  neutral  fats,  but  it  has  the  prop* 
erty,  like  other  alkaline  fluids,  of  emulsifying  the  fats.  In  r^ard 
to  its  action  on  albuminous  bodies  most  investigators  agree  that  the 
intcstinul  juice  has  no  action  on  boiled  proteid  or  meat,  while  it 
dissolrvti  fibrin  ■AccorA\n^io'Ylu\i\.  Albumoses  are  not  converted 
into  peptones  (Wenz,'  Bastianelli).  Contrary  to  other  investi- 
gators, K<'iiii'F "  claims  tliat  the  juice  from  a  successful  fistula  opera- 
tion digests  not  only  coagulated  proteid  and  lumps  of  casein,  bnt 
also  unboiled  and  boiled  meat.  The  lack  of  action  on  proteids 
which  was  observed  by  otlier  investigators  Schiff  attributes  to  the 
jibnormal  juice  with  which  they  experimented.  Schiff  also 
obtained  from  an  operation  not  entirely  successful  a  juice  whose 


'  Comralbl.  f.  d.  me<l.  WissenBch.,  1870,  S.  661. 

*  Amial.  d,  Chem.  u.  Pliarm..  Bd.  204, 

'  Miilt^schoti'ii  Untersucb.  zur  Naturlehre,  Bd.  14.      ThU  conbuiu  all  tbt 
older  literature. 

*  ZciLicLr.  f.  Biologie.  Bd.  33. 

'  Voit  and  Lusk,  Zeitschr.  f.  Biologi©.  Bd.  88. 

*  Arcli.  de  Pbyaiol.  (8)  Tome  1. 
''  Zeitacbr.  f.  Biologi«,  Bd.  ^. 

■  Centnlbl.  f.  d.  iiied.  WlsseDwli.,  1868,  8.  857. 
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action  on  proteid  and  meat  was  no  greater  than  that  studied  by 
TirrET  and  otiior  inveeti gators. 

Uuinun  intestinal  juice  in  a  case  of  anus  preBttrnaiuralt$hia 
been  inveatigatod  br  Dkmast.'  This  jaicc  ihoved  itacU  entirely 
inoctiTe  on  albuminona  bodies,  even  on  fibrin  and  on  fats.  It  only 
had  a  very  faint  action  on  boiled  starch.  Tubbt  and  MANNiN<i ' 
have  inrestigated  bnmati  intcstiiml  juice.  The  apocific  gravity  waa 
on  an  average  1.00G9.  The  reaction  was  alkaline,  and  an  abnudant 
deTclopment  of  carbon  dioxide  took  place  on  adding  acid.  Protoids 
were  not  digested;  starch  was  first  saccharified  very  slowly,  while 
cane^ngar  and  maltose  were  inverted  by  the  jnice.  Fats  were  both 
eninlaificd  and  saponified.  These  experiments  on  the  action  of  the 
[ntestinul  jnice  on  food  introdaced  into  the  intestine  in  cases  of 
isolated  hmp  of  the  intestine  in  animals,  and  in  hnman  luCestiae  in 
cases  of  ttnns  priHnrntiturnltgy  have  not  given  any  positive  rvsolts, 
because  of  the  putrefaction  jirocesaes  poing  on  in  the  iutestine. 

The  secretion  of  the  glands  in  the  lai^e  intestine  seems  to  con- 
sist chiefly  of  mncns.  Fii<tnlas  hare  also  bren  introdncet]  into  these 
parts  of  the  intestine,  which  are  chietly  if  not  entirely  to  he  consid- 
ered as  abftorption  organs.  The  invegtigjitions  on  the  action  of  this 
secretion  on  nutritive  bodies  have  not  as  yet  yielded  any  positive 
rerolt*. 


rV.  Pancr^MiB  unci  Paiiiircntic  Juice. 


■        In  invertebraiea,  wbicli  have  no  pepsin  digestion  and  which  also 
hsve  no  fomiution  of  hilo,  the  pancreas,  or  at  least  an  analogous 

»  organ,  seenx3  to  be  the  essential  digestion  gland.  On  the  contrar)', 
an  aualomically  characteristic  pimcreaa  is  absent  in  certain  verte- 
brat«s  and  in  certain  fisbefi.     Those  functions  wliich  should  be  per- 

t  formed  by  this  organ  seem  to  be  perfonned  in  tltoae  animals  by  the 
liver,  which  may  Ite  rightly  called  UHpATcpANnBEAi^  In  man  nod 
in  moat  vertebrates*  the  formation  of  bile  and  of  certain  ti^K^rctions 
containing  enzymes  important  for  digeatiqn  ia  divided  between  che 
two  organs,  the  liver  and  the  pancreas. 
H  The  pancreas  gland  is  Kimilar  in  certain  respects  to  tho  parotid 
^^^ud.     The  secreting  olemouts  of  the  former  consist  of  UQcluated 


TlreboWa  Airfi.,  Bd.  75. 
<  Oaf*  Hoap.  R«(iorl,  Vol,  48.  p.  877  :alM><:eDUmlbl.  f.d.med.  Wisseoscli., 
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cells  whose  basis  fonns  a  moss  rich  in  proteids,  which  expand  iii 
water  and  m  which  two  distinct  zones  exist.  The  oater  zone  Is 
more  homogeneons,  the  inner  cloudy  due  to  a  quantity  of  grannies. 
The  nnclena  lies  about  midway  between  the  two  zones,  but  this 
position  may  change  with  the  varying  relative  size  of  the  two  zones. 
According  to  IIeidenhain,'  the  inner  part  of  the  cells  dimiuiahes 
in  size  dnring  the  first  stages  of  digestiou,  iu  which  the  secretion  is 
active,  while  at  the  same  time  the  outer  zone  enlarges  owing  to  the 
absorption  of  new  material.  In  a  later  stage,  when  the  secretion 
has  decreased  and  the  absorption  of  the  nntritive  bodies  has  taken 
place,  the  inner  zone  enlarges  at  the  expense  of  the  outer,  the  sob- 
stauce  of  the  latter  having  been  converted  into  tlmt  of  the  former. 
Under  pliysiologicuJ  conditions  the  glandalar  cells  are  undei^ing 
u  constant  change,  at  one  time  consnming  from  the  inner  part  aod 
at  another  time  growing  from  the  outer  part.  The  inner  granoJar 
zone  is  converted  into  the  secretion,  and  the  outer,  more  homo- 
genoous  zone,  which  contains  the  repairing  material,  is  then  coo- 
verted  into  the  granular  substance. 

Besides  considerable  quantities  of  proteids,  globulin^  nueleo- 
proleid  (see  Chapter  II),  and  albtitnin,  wo  find  iu  this  gland  several 
enzymes,  or,  more  correctly,  zyniogenSy  which  will  be  described 
later.  We  also  find  in  this  gland  nncleiHy  leucin  (batalauin), 
ti/rositi  (not  in  the  perfectly  fresh  gland),  xa7ithin,  1-8  p.  m., 
hypoxiuiniin,  3—1  p.  m.,  guanm,  3-7.5  p.  m.  (all  figures  are  calca- 
lated  for  tlic  dried  substance,  Kosskl'),  mlenin,  inosif,  lactic  aetd, 
volatile  faitij  acuh^  fah^  and  muieral  substances.  According  to  the 
investigations  of  Oidtmaxn,'  the  human  pancreas  contains  745.3 
p.  m.  water,  ^IS.?  p.  m.  organic  and  9.5  p.  m.  inorganic  snb- 
stanccs. 

The  purpose  of  the  pancreas  is  to  produce  very  important 
enzymes  for  digestion;  but  besides  this  it  also  has  another  rerv 
important  function.  As  already  stated  hi  a  preceding  chapter,  it 
is  of  i\w  greatest  importance  in  metabolism,  namely,  for  the  tranS' 
foniiatiou  of  dextrose  in  the  animal  body.  In  this  regard  it  is  well 
known  that  in  dogs  and  certain  other  animals  (bnt  not  in  pigeons 
and  geese),  t]ic  extirpation  of  the  gland  causes  a  marked  diabetes, 

'  Pflil-crs  Arch.,  Bd.  10. 

*ZeitM-lir   f-  |ihjslo1.  Cliem.,  Bd.  8. 

■  V  Uorap-Beaanez,  Lobrbacti,  4.  Aafl.,  8.  788. 
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rtt  most  ca8«a.  We  do  not  kooir  how  this  diabetes  U 
'^bmflptt  iibout. 

According  to  the  brothers  Catazsaxi/  the  pancreiu  diabetes  is 
Dot  cuused  by  a  decreiwed  couibutitiou  of  the  tioruml  ijuiiiitity  of 
gagar  formeii,  but  by  an  abnormal  increase  ia  tlie  foriuutiou  oC  itiijjiir 
in  the  lirer,  and  t1ie  extirpation  of  the  paocruas  acts,  occoi'diug  to 
them,  by  canaingaledion  of  the  pleioscoeliacas.  They  havu  found 
tliat  irritation  of  tliis  plexus  produced  an  increased  production  of 
sugar  iu  tbe  liver,  and  they  cl:tini  tliat  the  extirpation  of  the  iiuncreas 
induces  a  degenerative  irritation  of  the  plexns,  which  is  similar  to 
tJie  paralytic  secretion  in  the  olivary  glands.  In  opposition  to  this 
Ticw  the  inreatigatioiifl  of  Minkowski,  Uedon,  LAXfEttK.vfX, 
TlItKOLOl^,'  and  others  hare  been  presented,  uamuly.  that  on  sub- 
cutaneuiisly  transplanting  il  portion  of  the  pancruiu  the  fimctioQ  of 
the  pancreas  in  trangfonniiig  or  producing  sugar  is  not  disturbed. 
After  the  removal  of  the  iiitra-abdominal  portion  of  the  glaud  the 
aoiauil  in  this  case  did  not  acquire  diibbetes.  If  tbe  subcutnneousty 
enveloped  portion  of  pancreas  i«  further  remuvud,  then  uu  elimioa- 
tiou  of  sugar  of  great  intensity  takes  place. 

t'nArvEAl'arid  Ivai'fmax:*'  are  of  the  opinion  that  after  the 
•xtirputifu  of  tiie  pancreas  uu  ulniornial  iuoreutM;  in  the  fonnutiou 
of  sugar  in  the  liver  takes  place.  The  paucreuts,  accurdiug  to  tliern, 
regulates  the  formation  of  sugar  iu  the  liver  by  meuuij  uf  two  nerve- 
ceutrod.  a  retarding  aud  au  irritating  centre.  The  panureiki  irritates 
the  retardiug  centre  and  rutard^  the  irritating  ceutre  of  the  liver, 
and  it  haK  a  double  action  on  retardiug  the  sugar  produL'tiou.  The 
extirpatiou  of  the  paucnnus  removed  the  irritation  of  the  retarding 
oeutrus,  the  activity  of  tbe  irritating  oeutree  is  thereby  raiseil,  and 
in  con5ei|Denoe  a  strung  hyperglycwmta  takes  place.  In  couaideiik- 
tiou  of  the  almvc- mentioned  action  of  tnuit^planted  pieces  of  paii- 
oreoB,  ve  must  accept  in  tlieee  caseit  that  the  irritating  action  on  the 
queetionnble  centres  nnder  nonrial  conditions  is  exercised  hy  8ome 
other  unknown  iuternid  secretory  protlucts  of  the  glund. 

The  ordinary  view  in  re^Lrd  to  tiie  origiu  of  diabetes  is,  how- 
ever, as  alKive  (C)mp(or  VIII)  Rtated,  that  we  have  not  to  do  with 
au  increaaed  prwluction  of  sugar,  hut  more  likely  a  decreaaed  trans- 

■  iMW  Ceotralbl.  f.  PbyBioL,  Bd.  7.  S  217 
'  8«.Minkowgki.  Arcli.  f  esp.  P«ih.  u.  Pbarni.,  B-l.  31. 
■Mod.  Soe.  Biol..   IKIS,  ]>.  3D.     Citod  fruiu  CuulriLlbl.  r.  Pbrslol.,  Bd.  7, 
8.  817. 
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formation  of  the  sngar  in  tlte  animal  body.  W.e  mnet  also  admit 
that  the  paucreas  has  the  ability,  in  some  way  or  other,  of  regulat- 
ing the  couBnmption  of  sngar;  but  vre  do  not  know  how  it  acts. 
Lepixe  '  lias  made  an  experiment  to  explain  this  action.  Accord- 
ing to  liim  a  glycolysis  regularly  takes  place  in  the  blood  (see 
Chapter  VI),  and  the  enzyme  active  in  this  change  is  secreted  from 
the  pancreas  to  the  blood.  On  the  extirpation  of  the  pancreas 
naturally  this  function  of  the  gland  is  removed,  hence  a  hypergly- 
caemia  is  produced.  Important  exceptions  have  been  made  against 
this  hypothesis  by  several  investigators,'  and  the  action  of  the 
pancreas  in  the  elimination  of  sugar  still  stands  unexplained. 

According  to  Ciiauvkau  and  Kaufmakx  '  a  formation  of  sugar 
takes  place  in  the  liver,  partly  from  the  glycogen  and  partly  from 
other  bodies — carbohydrates,  proteids,  and  fats — which  on  the 
destruction  of  tissues,  the  histolysis,  are  taken  up  by  the  blood  and 
carried  to  the  liver,  where  they  are  transformed  into  sngar.  The 
pancreas  has  a  preventive  action  on  the  sugar  production  of  the 
liver,  as  also  on  the  hiBtolysia.  This  is  caused  by  means  of  an 
unknown  product  of  the  inner  secretion,  which  product  passes  into 
the  blood.  All  three  factors,  tlie  sugar  production  in  the  liver  as 
well  as  the  inner  secretion  of  the  pancreas  and  the  histolysis,  are, 
according  to  Kaufmann,  influenced  in  a  double  way  by  the  nervous 
system,  namely,  jiartiy  exciting  and  partly  retarding.  The  exciting 
action  on  the  Hver  and  on  Iiistolysis  has  simultaneously  a  preventive 
action  on  the  internal  secretion  of  the  ])ancroas,  and  this  therefore 
causes  an  increased  formation  of  sugar  in  a  threefold  way.  The  pre- 
ventive action  on  the  liver  and  histolysis  causes  a  simultaneous  exci- 
tation of  the  internal  secretion  of  the  pancreas,  and  the  formation  of 
sugar  under  these  conditions  is  reduced  for  three  reasons.  Mar- 
cl'SE'  has  found  thiit  in  frogs,  iti  wliit-h  Aliieiioff  has  shown  that 
diabetes  may  be  produced  on  the  cstirpation  of  the  pancreas,  no 
diabetes  appears  on  as  perfect  extirpation  of  the  liver  as  possible. 

Pancreatic  Juice.  Tiiis  secretion  may  be  obtained  by  adjusting 
a  fistiihi  in  the  excretory  duct,  according  to  the  methods  suggested 
by  liKTtNAitu,'  TjiDWKi,*  and  HEiJi?:N"nAis".'     If  the  operation  i» 

'  Sec  font  niito  Xo,  9.  p    123,  CliH[ilcr  V[. 

*  Sec  Miiiki.wski.  Arch.  f.  exp.  PatL.  u.  Pharin.,  Bd.  31,  8.  174. 

*  Arcli    ill'  I'liysicil.,  Stir.  5.  Tome  7. 
>  Dii  l{(>i-i-lii-ytii»ii<l's  Arcli.,  180-1. 

*  l.e<;(iiis  lie  I'liysiiiloji-io,  'I'liiue  2,  p,  190. 

*  Si'i'  Ui'msti-iii,  Arbeiteu  a.  d  pbyiiiol.  Anstalt  lu  Leipzig,  1869,  S.  1. 
'  I'dQgera  Arch..  Bd.  10  "  •^ 
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performed  witli  sufficient  rapidit;  and  dexterity  on  an  aoimal  which 
has  been  well  fed  a  few  hours  before,  there  is  obtained  from  the 

Ifistala,  aearale,  immediately  after  the  operation  {ttmporary  Jittula) 
a  secretion  rich  in  soIidSf  riacid,  very  active,  and  which  may  he 
considered  aa  norninl  pancreatic  jaice.  Ordinarily,  however,  the 
ghind  becomee  diseatted  in  u  few  hours  or  days  afler  the  operation, 
and  the  secretion  which  then  Hows  out  of  the  Ustula  (permantnf- 
fi$tula)  is  more  lii]uid,  delioieiit  in  solids,  aud  in  certain  other 
respects  ditlereiit  from  the  secretiou  obtained  immediately  after  the 
operation.  Still  a  jiermuueut  Gstula  may  also  sometimeii  yield  a 
normal  secretion  for  a  long  time  (IIeiuenhais).  while  the  tem- 
pomry  fistula  in  nan-lesH  operatiouH  may  give  no  secretion  or  only  an 
abnormal  juioe. 

In  herliivora,  Huch  us  rabbits,  whose  digestion  is  nninterrupted, 
the  secretion  of  tliu  pmioreiitii;  juice  is  continuous.  In  carnivora  it 
Beams,  on  the  coiitnirj,  to  be  intermittent  and  dependent  on  the 
tligcation.  During  starvation  the  secretion  alirioHi  t<top^,  but  com- 
mences again  after  partaking  of  food.  Food  seems  to  act  in  a 
twofold  manner.  First,  it  may,  with  the  more  abundant  flow  of 
blooil  (luring  the  digeuiiion,  wiiich  is  eoen  liy  the  red  color  of  the 
I  gland,  convey  a  larger  'juantity  of  nutritire  material  to  the  gland, 
and  thereby  cause  the  aecretion  of  a  juice  rich  in  solid  natritire 
bodies,  tn  another  way  t!ie  fooil  may  aho,  by  llie  irritation  which 
it  produoed  on  the  muoous  cctit  of  the  stomach  and  the  dttridenum, 
cause  an  increased  secretion.  That  the  food  i.ideed  acts  in  these 
two  wiivs  follows  from  the  fact  that  other  Ruhstatides,  such  as  ether, 
may  rellexily  act  on  tiio  niucaui!  niembnirie  of  the  stomach  or 
intestine,  causing  a  secretion  of  ]tancreAtio  juice,  but  in  atiirvution  a 
thin  fluid  is  secreted,  aud  after  partaking  of  food  a  thick  fluid  is 
protlnced.  Acconling  to  the  obsorTalionsof  BEKXt^TEiN,  IlEiitKN' 
If  A,1N,  and  othcni,  the socretion  increases  rapidly  after  eating,  and  it 
reaches  its  maximum  in  the  course  of  the  fimt  three  hours.  From 
this  time  the  secretion  dimini^hos,  but  miiy  iigain  iiicrousc  from  the 
$tb-7t]i  hour,  when  genoratly  large  qaantitios  of  food  pass  from  the 
stomach  tfl  the  intestine.  Then  it  a^ain  docrcaaes  con  tin  tmn  sly 
from  the  9th-lUh  hour,  and  stops  entirely  at  the  ISth-liith  honr. 
Id  regard  to  the  action  of  various  bodies  on  the  secretion  I^rckkr' 
found  that  the  introduction  of  L-U  gm.  sodium  chloride  or 
icarbonato  diminishes  the  qnantity  of  jnice  secreted  by  dogfl  nnd 

*  Anb.  den  SeleoMs  blot,  de  Si.  PeteraboDrs.  Toraa  9,  No.  3.  p.  4S3. 
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decreases  the  proteolytic  action  of  ilie  same^  while  the  introdiiciiou 
of  dUtiUfxl  water  or,  stil!  more,  carbonated  water  increiwes  Uw 
secretion.  Pilocfu-pin,  iicr^onting  to  (i(iTTi.[s»,'  increases  the  aecr»- 
lion  io  rabbits.  Acceding;  to  Che  satne  investigator  the  iDtrodm.-- 
tion  of  irritants  snch  oa  mustard-oil,  acid^,  and  alkalies  into  the 
tluodennm  causes  refiexly  an  incroaaed  secretion. 

Tlio  statements  as  to  the  amount  of  pancreatic  juice  wcreted  is 
the  conrso  of  '^4  honrs  are  vnriable  and  not  tniatworthv.  Itseemi 
jKwitivcly  proved  that  the  permanent  tiatiila  yields  a  conaideiablj 
larger  qnantity  of  accretion  than  the  temporary.  While  Kefeh- 
tiTittx  and  IIallwai'IIh,  and  Schmidt  nnd  Khouek,  find  thst  the 
quantity  of  juice  secrotfld  from  the  first  is  45-100  grms.  per  kiln 
dnnug  %\  honra,  Hiddeii  and  ScuMtDT  and  Bedder  and  Skkb 
niTZKY  clium  that  the  rjnantity  from  the  temporary  fistula  is  'i.b-^ 
grrus.  per  kilo  in  the  sume  lime.' 

In  regard  to  the  Miistiftt^nts  and  rompoiition  of  the  pancrMtk 
juice,  a  distinction  must  be  imtde  between  the  secretion  of  a  tem- 
porary and  of  a  permanent  rtsttilft.  The  secretion  flowing  from  ibe 
former  is  in  dogs  a  clear,  colorless,  nearly  sirnpy,  odorleas  fluid  of 
an  alkaline  reaction  which  is  very  rich  in  proteid,  and  soutetioMS 
oontaiuiug  so  large  a  <{tmutity  tliut  it  couguluius  lik«  white  of  egg 
wheu  heated.  liesides  ^rotmU  the  jnioe  contains  also  thRe 
enzymes — one  diatla/icy  one /at-splUting,  and  one  which  liinft^ret 
prolciih.  The  !fl*t-meiitioned  has  been  called  fry^igin  by  KCaxF- 
Ileaideft  tlie  above-mentioned  horlies  the  pancreatic  juice  habitual!} 
contains  Hmill  quantities  of  lettcin,  fill,  and  maps.  As  mineral  ooo- 
Atitiients  it  contains  chiefly  alkali  ehloridcs,  alao  alkali  carbouat 
and  some  phosphoric  acid,  lime,  magnesia,  and  iron. 

The  secretion  from  the  permanent  fistnla  always  contains 
solids  especially  proteid  aad  euzymeit,  than  tliat  fruni  a  temper 
fistula.  A  long  time  after  the  o^ieratton  it  is  more  fluid,  mor« 
strongly  alkaline,  and  the  property  which  the  jnice  from  the  tem- 
porary ilstula  had  of  di^olviug  proteids  is  often  absent,  or  the  secre- 
tion shove  it  in  only  a  slight  d^jee.  As  an  example  of  tbe 
different  composition  of  the  juice  from  a  temporar}-  and  from  a 
permanent  fistula  we  give  below  the  analysis  of  C.  Scumiot.*  Xht 
figures  represent  parts  per  1000. 

'  Anh.  t.  exp.  Path.  u.  Plianii.,  Bd.  33. 

■  Cttfid  from  Kaboo's  Uhrbucli..  S.  1 U. 

■  Cited  (mm  Mul.v,  Cliemle  der  VerdaaniifaBftflA  in  Hermsnii's  Handbuct. 
,  Bd.  5,  Tlieil  a,  S,  H». 
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FIMula.  FUtuU 

Water {nJo.S  tSbi.i  &<UM  fil^.fl  ^.6 

bolida flO.S  11S.6  88.3  SW.l  15.4 

Onr^Dlc  8ub9UDc« 90.4  lfl.4  1S.4  9.8 

Aflb 8.8  0.«  7.5  6.1 

The  minflral  cooatJtii«nU  ot  lb«  seenttloD  TKnu  tliv  temiiorBi;  l!sialAC(iu- 
»ial«i]  irliielSy  of  N«C],  7.4  p.  m 

In  tl)«  pancratir  juirn  nf  nit>bilti  1I-2Q  p.  m.  •ii>I[dH  liarn  bono  found,  had 
io  tliKt  Irviu  HliL-ep  U,S-8l}.fi  )'•  "*•  '"  ^^^  pniioruBllc  juice  uf  tbe  iiuntv  0-L^!S 
p.  in   MttiiU  hare  tiM>n  found  ;  m  that  of  tbe  )il);ooD,  lS-11  |\  m. 

TliK  buuiwii  paQcmaiic  JuicH  bun  liern  atialv&od  b;  IlKHTtUt '  In  a  caae  of 
•ui()t>a^  of  tbt;  nil  of  the  juil*  by  lb*  |>res8unuf  a  vunter.  Tb is  juice. 
wUieh  roald  bardlv  Im  onnsidprcd  b.«  nornuil,  waa  clear,  alkatini>,  witbout  odor, 
uid  coufainvd  the  thrf«  ensyiix-a,  It  containoil  pi>ptriar,  liul.  rir>  otbsr  iimtuid. 
Tbe  (luantity  of  9->lid)i  wits  ^4. 1  p.  m.  <it  ibwwt  fi.4  ji.  tn,  w.-m  xoiiiblf?  in  nlrai- 
bol.  It  conUkincd  IIS  y.  m.  peploDC  (and  vnijuica)  and  rt.9  p.  m.  mineral 
•nbstanrpK 

I!«WArmKV*  has  analywd  the  patier^&tie  joiea  of  a  Toung  wnmao  trlth  • 
BBtaU,  and  fuoDd  844.05  p.  u.  wai>:r.  lfti.ii\  p.  id.  orgaiiic  and  i!.44  p.  to.  is- 
otgmnie  subsUncws.     Tbo  qgnniity  of  pmtirin  UkJIim  wa.-*  IK  U5  p.  iit. 

Among  tliQ  coDBtituents  of  ttie  puiicreatic  juice,  the  tbr«e 
enzymee  are  the  rnoet  important. 

AmylopBin  or  pancreatic  diastase,  whldi  luu^nnlin^  tfi  Koko- 
WIN  '  iiud  Ztt'tJtKL'  ih  mn  foiiiui  ill  new-lmni  iiifanln  arni  does  not 
appear  until  more  ttuui  uue  mouth  after  birtli,  se«iiis.  altltougli  not 
identical  with  ptVMliii,  to  be  nearly  rolutfil  to  it.  Aniylupsin  acts 
Tery  enorgctically  upon  boile<l  stitrcb,  eRpeciiilly  at  +  y?"  to  10°  C» 
and  forms,  similar  to  the  action  of  saliva,  bpsidee  dextrin,  chiefly 
ismnalloise  and  malto!«e,  with  only  very  little  dextroae  (Mui^cn.i'K 
aad  V.  MKKiKd,'  KCLZand  Voori,'),  The  dextrose  is  probably 
formed  by  the  action  of  the  invertiu' existing  iu  the  gland  and 
jnicc. 

If  the  natural  [Mincreatic  juice  is  not  to  be  obtained,  then  the 
ghuid,  best  after  it  hoe  been  exposed  a  oertfiin  time  ('ii  honrs)  to 
the  air,  may  be  treatfld  witli  wat«r  or  glycerin.  This  iaru.sion  or 
the  ^'lycoriu  extract  nilnted  with  wnter  (wlier  a  glycerin  has  been 
nsed  wlticii  has  no  reducing  action)  may  be  tested  diructly  with 
stamli-paste.     It  is  safer,  however,  to  lirtit  precipitate  the  euzyue 

)  ZttiUehr.  r.  pb^alol.  Ch«iii  ,  IM.  4. 

•  C«iilr«lbl.  t.  Pbvalol,,  IkL  5. 18&1.  S.  179. 

•  See  Mai>  's  Jaltrcabvr.,  UU.  8. 
■  L'niorsuebuDgen  nberden  Verdauuiigi>apparat  (tor  NcugsboraiiBD.    Berlin. 

1874. 

*ZBilwbT.  r.  pbTsial.  CbecD.,  Bd.  2. 

•  Sea  T«bb,  JoaroAl  uf  Phyaiul.,  Vol.  IS,  and  Abetoua,  C.  R.  Soc.  d«  blol.. 
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from  the  glTccrin  extracl  hy  alcobol,  nnd  vagh  with  this  liquid,  dir 
the  prrripitate  over  siiljihuric  acid,  and  extract  vritb  water.  The 
enzyme  is  dissoWed  by  the  water.  The  detection  of  sngar  maj  b* 
made  in  the  isamv  manner  a&  in  the  saliva. 

Steapain  or  Fat-Bplittmg  EnzTme.  The  action  nf  the  pancreatic 
jaice  on  fata  is  tvofold.  First,  the  neutral  Fat»  are  split  into  fattT 
ncida  and  ^Ivccrin,  which  is  an  «nzTniotic  process;  and  secondly,  it 
bafl  also  the  property  of  cmnlaifring  the  fata. 

The  action  of  the  paucreatiu  jnice  in  splitting  the  fats  may  bty 
shoiivn  in  Ibo  following  wiiy.  Shake  olive-oil  with  caustic  soda  and 
ether,  HJphon  olT  the  ether  and  liltor  it  necessary,  then  shake  th& 
ether  Tcpoat«d]y  with  water  and  cTaporate  at  a  gentle  heat.  In  this 
wiiy  ffc  obtain  a  residue  of  (at  frtje  from  fatty  acids  which  is 
ueiitrul,  and  which  dissolves  in  acid-free  alcohol  and  is  not  colored 
red  by  alkanet  tiiiotiire.  If  aiich  fat  is  mixetl  witli  perfectly  fr«h 
alkaliae  pancreatic  jiiice  or  witli  a  frc-shlv  prepared  infnsion  of  the 
fresh  f;;hind  and  treated  with  u  little  ulkaH  or  with  a  faintly  alkaline 
glycerin  eittract  of  tlip  fresh  {^iand  (if  parta  ;ilycerin  and  I  part  1% 
soda  aolutioD  for  each  gninmie  of  the  gluml),  and  some  litmus 
tincture  added  and  the  mixture  wormed  to  +  a?"  C,  the  alkaline 
reaction  will  gradually  di&iipjicar  and  an  acid  one  toko  its  place. 
Tb is  acid  reactio^n  dunendti  ujkhi  ilie  onversiun  of  the  neatral 
by  the  enzyme  into  glycerin  and  free  fatty  arids. 

The  gijiitting  of  the  neutral  fats  may  also  be  uliown  more  exacti 
by  the  foiluwiijg  method.  The  niixl(in<  of  nt>utrul  fats  (ubsola 
free  from  fatty  acids)  and  pancruutic  joice  or  jiancrcus  infoeton 
digcBtod  at  the  temperature  of  the  hmlyand  treated  with  some 
and  repeatedly  shaken  with  fre^h  qiiuntitieii  of  ether  luitil  all  the 
nnaplit  ncutml  fats  are  removed.  Then  it  m  made  acid  with  sul- 
phuric acid,  after  which  shake  the  acid  liquid  with  ether,  evaporate 
the  ether,  and  test  the  residue  ftir  fatty  a*:idg. 

Another  simple  process  for  the  demoniitration  of  the  fat-splitting 
action  of  tlie  pancreas  glands  irt  the  following  {('t.  Bkiinaki>): 
smidl  porlioii  of  the  perfectly  fresh,  finely  divided  gland  snlwtaii 
is  first  Roatifd  in  alcohol  (of  *-iO^).     Then  the  alcohol  \»  removwl 
far  as  possible  by  proving  between  blotting-jmper,  after  which  the 

Eicoes  of  gluml  are  covered  with  an  ethereal  solution  of  neutral 
uitur-fat  (which  may  be  obtained  by  shaking  milk  with  ciutatio 
soda  and  etlier).  After  tiiu  evuporiition  of  the  ether  the  pieces  of 
gland  covered  with  bntter-fat  are  pressed  between  two  wotcn-^1 
and  then  gently  boated  to  Si"*  to  id'^'  €.  in  thiii  position.  After  ft 
certain  time  a  marked  odor  of  bntyric  acid  appears. 

The  action  of  the  pancreatic  jnice  in  Bplitting  {»t»  is  » 
onalogons  to  that  of  iiajmniOcatJon,  the  neDtjal  fats  being  dc 
posed,  by  the  addition  of  *sof  water,  into  fatty  acida  and 
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glycerin  according  to  the  following  formula:  C,H,.0,.R,  (neiitnil 
fot)  +311,0  =  C,H..O,.U.  (glycerin) +  3(11. 0.K)  (fatty  Hcid). 
Tliis  depends  upon  a  hydrolytic  gplittiag,  vrfaich  was  drat  positively 
proved  by  Beknauu  '  and  nKKTHEXxiT.*  Tiie  ]iaiic7e>»a-eDZTme  also 
decompoees  other  esters  just  a^  it  does  the  neutral  fats  (N'cNCKl,* 
^Baas').  The  pancreas-enzyme  which  decomposes  fats  has  been 
stndied  than  the  other  pancreas-enzymes^  and  it  has  indeod 

in  questioned  whether  or  not  the  decomposition  of  the  neutral 
Cs  in  the  intestine  may  not  be  effected  through  loner  organisms. 
According  to  the  investigatLons  of  Nbncki,  it  seems  tlmt  the  pan* 
areas  actually  contains  un  enzyme  wliich  ticconiposes  fats.  This 
Inzyme,  which  is  still  little  known,  aftpears  to  Ite  very  sensicive  to 
lcids>  and  it  is  often  absent  in  acid  glands  not  perfectly  fi'esh.  If 
i  watery  infnsion  of  the  gland  prepared  cold  be  treated  with  cal- 
rineil  magnesia,  then  the  enzyme  in  question  will,  according  to 
Danii.KWski,*  l>e  retained  by  the  magtie.sia  precipitate. 

The  fottr  arida  which  are  split  off  by  the  action  of  the  pan- 

Breatic  jaice  combine  in  the  intestine  with  the  iilkalief:,  forming 

■||Q|*  which  have  a  strong  emulsifying  action  on  the  fats,  and  thns 

Bte  pancreatic  jnice  hocome<i  of  great  importance  in  the  emalrifica- 

lioa  and  the  absorption  gf  the  fau. 

Trypsin.  The  action  of  the  pancreatic  juice  in  digesting  pro- 
teiits  w:w  first  ohserved  by  Hf.rnard,  but  first  pro%*ed  by  C'onvi- 
Bart.*  It  depends  upon  a  special  enzyme  called  by  KChnb  tryj^iit. 
I&trictly  Hpeukiiig,  this  enzyme  does  not  occnr  iu  the  gland  itstilf. 
In  the  gland,  more  probably,  a  zymogen  occurs  from  which  the 
tmyine  la  split  off  or  formed  during  secretion,  alao  by  the  action  of 
Vater,  acids,  alcohol,  and  other  snbstaiices.  According  to  Aldeb- 
Toxr,'  this  zymogen  is  foand  in  the  gland  in  the  last  third  of  the 
intra-aterine  life. 

The  purcflt  tryjwin  thns  far  prepared,  isolated  by  KOkitb,'  it 
lotable  in  water,  but  insotable  in  alcohol  or  glycerin.    The  less  pure 

'  Ann.  •(«■  clnm.  "t  phjuiqii*  |8  "w.).  'ronin  26. 

*  JaliralM-T.  .1.  Chem..  m.'.5.  S.  788. 

*  Arab.  f.  cs|>.  Pitlb.  it    rhkrni..  Hd.  20. 
•Z«tl«Iir.  r.  pbyt^icl.  Cliviii.,  Bd.  M,  S.  4lS. 
•VIrebow'e  Arcl...  Btl,  2r>. 

*  Qu.  bebOuiiuidAin-.  IHa?.  Noh.  IS.  l(t,  lU.     OUed  rrom  Bncge.  Lelirbucli. 
174. 

*  tffw  ldaij\  Jahtvnb^T.,  B<1.  8,  S.  SM. 
■  V*ff|i.  d.  Dalurli.-swHl.  Vcrreias  xii  Hpidxlbwrg.  (N.  F.)  Bd.  1,  Ileft  S. 


enzyme,  oa  tho  eoutrary,  is  aoluble  in  ftycorin.  If  the  solotion  of 
the  enzyme  iu  water  t3  heated  to  the  boiling-point  with  the  nddition 
of  a  litlle  ucid,  it  decoin]ioaee  into  coagnlat^l  proteid  and  poptoue 
(KChnk).  According  to  the  investigutions  of  BiCBNACKt '  trjiaa 
in  0.2S-0.5r6  Hodn  Bolntion  is  destroyed  in  5  minutes  by  heating 
to  50*  C  It  ia  destroyed  by  hejiting  its  neutral  aolntion  to  45'  C. 
The  presence  of  albiimoses  or  certain  ummoninm  enlta  in  albRlinc 
trypsin  solntiona  Iiave  n  protei^tive  notion  to  a  certain  extent. 
Trjiwin  is  destrwed  by  gaBtric  juice.  Like  other  enzymes,  trypdo 
is  cliankcteriKcd  l}y  its  physiological  action.  This  action  consist  in 
dissolving  }irol«idK  »iid  especiully  Tihrin  in  alkaline,  iientra],  or  eveo 
faintly  acid  solutionH  witti  readinetts. 

The  prBpuration  of  pure  trypsin  has  been  tried  by  Tarioos 
experimeiitere.  The  purest  seems  to  have  been  pretMirod  aceflrding 
to  the  rotlier  eoniplicatcd  method  of  KfMiSE.*  In  stndying  the 
BCtinti  of  trypsin  a  less  pnre  preparivtion  may  often  aiisxTcr,  auiJ 
TariouH  metiiods  uf  preparing  such  Imve  beon  proposwi.  but  we 
cannot  (lesvribe  alt  of  them.  For  the  production  of  a  glyoorin 
extract  ([Ieu>k>.'IIain  *)  tho  gland  should  bo  rubbed  with*  glass 
pi}wder  or  juire  <|ciiirtz-eanil,  this  nniss  carefully  mixed  with  acetie 
acid  of  l;t  (L  c.  0.  to  each  grin,  of  gland),  then  for  oath  part  of  tb« 
gUnd-tnuss  add  10  parts  of  glycerin,  ami  tilter  after  about  three 
days.  By  precipituting  tbe  glyeurin  e.'ttract  witli  alcohul  and  rcdts- 
aolviug  the  preL'ipJtate  in  water,  we  obtain  a  solution  which  has  a 
powerful  digtistiTc  action.  A  wittery  infnsion  of  the  gland  may  bo 
made  only  after  it  htw  been  exposed  to  the  air  for  34  hours,  and 
fi-10  parts  of  water  for  cnch  part  by  weight  of  tho  gland  should  be 
used.  According  to  KtUtNK*  the  impure  tryi^shi  is  allowed,  to 
undergo  aiitodigestion  in  a  O.'i-i  sotia  solution  uud  in  the  preaeuce 
of  tliymol.  After  the  conversion  of  tlie  albumoMB  into  peptones  thfl 
trypsin  may  be  precipitated  by  jiinmoiiium  sniphato.  An  a<:tii  ' 
but  imjinre  infusion  may  be  obtained  by  digesting  the  finely  dirid* 
gland  for  a  few  days  with  water  containing  ij-lO  o.  c.  chlorofona' 
per  liter  (Salkowski  '). 

A  very  active  trypsin  may  be  prepared  by  extracting  the  Ihiely 
divided  gland  eif  oxen,  free  from  water  and  blooil,  with  water  oon- 
tftining  f).01-0.05<(  NH,.  Tho  tilterod  extract  gives  a  precipitate 
with  acetic  acid  which  has  great;  digestive  powers  and  which  can  be 
further  purified.     (Not  published  investigations  of  the  ACTaoB.) 

■  Zeiucbr  f.  BinlogiD,  Btl.  3S. 

•  Verli,  tJ.  aaturh.  ined.  Vcrcins  in  II«idolb«fg.  (N.  F.)  Bd,  1,  Uefl  L 
'PflOger'a  Arch..  Bd.  10. 
UVniMllil.  f.  d.  med.  Wii«Mii»<:li.,  1886,  8.  8». 

■  DeutMti.  oimI.  WiKbffOMbr..  1808.  No.  1«. 
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The  action  ofirtfpnin  oh  proteids  is  beet  detnoiiHtrated  bv  the 
am  of  librin.  Very  coiiBliIerabIc  qiiHiiLitieB  of  t\m  ulljiiminniis  \hhIj 
are  dtBBoWed  by  u  smull  amouTit  of  trypsin  at  37-40"  C  It  is 
always  neoessarj  to  make  a  control  teet  with  fibrin  alone,  with  or 
without  the  atlilitioii  of  iilkali.  Fibrin  is  dissolred  by  tryjisin  with* 
oTit  any  pntrefnrtion;  the  liqniil  has  a  pleasant  otlor  ftomewbiLt  like 
bonillon.  To  completely  exi:liiiie  pntrefactton  a  little  thj-mol, 
chloroform,  or  ether  sboiihl  lie  aiided  to  the  liquid.  Trypsin  digea- 
tion  diffem  essentinlly  from  popeiri  ilij^stion  in  that  the  iintt  takes 
place  in  neutral  or  alkaline  reaction  .ind  not,  an  ib  neoeebmry  for 
pepsin  digoiltion,  hi  an  acidity  of  1-2  p.  tn,  HCI,  and  fnrLher  by 
the  fact  that  the  proteids  dissoire  in  trTp>!tin  digestion  witbont 
previniiBly  swelling  np. 

Many  circnmiitances  exert  a  niarkc<l  innuenco  on  the  rapiditif  of 
Iht  tnjpain  tligestion.  With  an  iucroase  in  the  quantity  of  enzyme 
present  thodigaation  is  luuttencd  atleaat  to  i\  certain  point,  and  the 
(tame  \a  also  true  of  an  increaao  in  temperature  at  least  tn  abont 
+  40"  C,  at  which  temperature  tbo  proteid  'u  very  rapidly  diasolred 
by  the  trypsin.  'Vha  reaction  \a  aUo^of  the  greatest  importance. 
Trypsin  act4  eaorgcticolly  in  nenlral,  or  still  bettor  iu  alkaline,  bdIu- 
tionB,  and  best  in  an  alkaliuity  of  'A-A  p.  in.  Xa,0O^.  Free  mineral 
acids,  even  in  very  imall  qnantitics,  completely  prevent  the  diges- 
tion. If  the  acid  is  not  actually  free,  but  combined  with  albumi- 
nons  bodies,  then  the  digestion  may  take  place  qnickly  when  the 
ftcid  combination  is  not  in  too  great  etcuM  (CiUTi'KNnEX  and 
Cummins  ').  Organic  acids  act  less  disturbingly,  and  in  the  proa- 
«noe  of  0.*2  p.  m.  lactic  ucid  nnd  the  simiittuncona  presence  of  bilft 
and  common  salt  the  digestion  niay  iiideeil  proceed  more  quicklj 
than  in  a  fiuntly  alkaline  liquid  (LixriBEUnER').  Carbon  dioxide, 
aocordiog  to  Scrikrhrck,'  has  a  retarding'  action  in  acid  solutions, 
bnt  it  accelerates  the  iryptic  digestion  in  faintly  alkaline  liquids. 
Porfiffn  hoHie*,  sach  as  borax  and  potassirim  cyanide,  may  promote 
Irrptic  digestion,  while  other  bodies,  snch  as  salts  of  mercnry,  iron, 
and  others  (OiiiTrB\r)EN  and  CfMyivs),  or  salicylic  acid  in  largo 
qnantitics,  may  have  a  preventive  action.  The  tmture- of  On  pro- 
lfid»  is  alfto  of  importanne.      Unboiled  fibrin  ia,  relatively  to  most 


■  BtudiH  front  tlio  Plijuiol.  Ohem.  lA^nXmy  of  falo  Collogo,  N«w  Uaven, 
1885.  Vol.  I,  i>  100. 

>  S^  Mftlj'a  jRhMolwr.,  BU.  13,  8.  280. 
»kui.  Arcb.  r.  PhTstol.,  Bd.  8. 
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other  albuminous  bodies,  diasolved  ao  very  quickly  that  the  diges- 
tion test  with  raw  fibrin  gives  an  incorrect  idea  of  the  power  of 
trypsin  to  dissolve  coagulated  ulbnmiuous  bodies  in  general.  An 
accumulation  of  products  of  digestion  tends  to  hinder  the  trypsin 
digestion. 

The  Products  of  the  Trypsin  Digeation.     In  the  digestion  of 
unboiled  fibrin  a  globnlin  which  coagtilateB  at  +  56-*iO°  C.  maj  be 
obtained  aa  an  iutemiediate  product  (Herrmaxx').      JIoreoTW 
from   fibrin,  as   welt  as  from  other  albuminous  bodies,  emanate 
albumoses  and  peptones,  Icucin,  iyrosin,  and  aitpartie  acid,  u  little 
lysin,  Jysatinin  (IIkdix'),  auil  ammonia  (HriisciiLEB'),  and  also 
the  so-called  protein  chromogen '  or  trgptophan,*  a  snbstance  whose 
nature  is  not  known,  bnt  which  gives  a  reddish-violet  product,  so- 
called  profeinochrom,  with  chlorine  or  bromine.     When  putrefaction 
has  not  been  entirely  prevented  numerous  other  bodies  appear  wbicb 
will  be  apokea  of  later  in  connection  with  the  putrefaction  procetf 
going  on  in  the  intestine.    In  the  trypsin  digeation,  in  contrast  to  the 
pepsin  digestion,  pure  peptones,  not  precipitated  by  ammoninm 
sulphate,  are  relatively  easily  and  qnickly  formed.     The  peptone, 
according  to  KiJUNE,  consists  entirely  of  antipeptone,  and  the  above- 
mentioned   decomposition   products,   loucin   and   the   others,  are 
formed  by  the  decomposition  of  the  hemipeptone.     We  will  now 
consider  the  decomposition  products,  lencin  and  tyrosin,  formed  in 
the  trypsin  digestion  of  proteiils. 

Leucin,  0,II„NOj,  or  AsiiDo-r-Ai'itoic  acid,  more  recently 
called  (r-aniido-idobutyl  acetic  iicid,  ((,'H,),CH.CH,.CII(NH,). 
COOIL*  Leucin  is  fornicil  not  only  in  the  trypsin  digestion  of 
proteids,  but  also  from  the  protein  substances  by  their  decompou- 
tion  on  boiling  with  diluted  acids  or  alkalies,  by  fusing  with  alkali 
liydrates,  and  by  putrefaction.  Because  of  the  ease  with  which 
leacin  and  tyrosin  are  formc^d  in  ttie  decomposition  of  protein  anb- 
Btauces,  it  is  difficult  to  positively  decide  whether  these  bodies  when 
found  in  the  tissues  are  constituents  of  the  living  body  or  are  only 
to  bo  considered  as  decomposition  products  formed  alter  death. 

'  Zeitachr.  f.  phyKioI.  Obeui..  IJd.  11. 

'  Sfu  Drfichsi'l,  [)u  liois- HeyDnnnl's  Arcli.,  1891. 

»  Zoitsclir.  f.  iiliyslol.  CLem.,  Bd.  10,  S.  302. 

*  Stadulinaiin,  Zeiiscbr.  f.  Biologie.  Bd.  26, 

*  NeuiueiBter,  ibid.,  Bd.  36,  S.  329. 

*  See  Schulzti  uid  Likiernik,  Zeitwhr.  f.  pbysioL  Chem.,  Bd.  IT,  and 
GmeliQ,  ibid.,  Bd.  18. 
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l^encin  has  boon  fonad  in  tho  p&ncreaii  and  ltd  necretion,  in  tlic 
spleen,  thjrmas,  and  lynipti<glands,  in  tlie  thrroid  gland,  iu  the 
aalivarjr  glundSt  ia  thu  kidneys,  brain,  uud  liver  (but  mostlj  in  dis- 
eoM).  It  also  occurs  in  the  vool  of  «heep,  in  dirt  from  the  skiu 
(inactive  epidermis)  and  between  the  toes,  and  it«  decom position 
prodncta  bare  tlio  disaf^roeable  o^lor  of  tho  penpiration  of  the  foet. 
It  \i  found  pathologically  in  atheromatous  cysts,  iehthyosia  acalu, 
pan,  blood,  and  nriue  (\n  diseoscB  of  tho  liver).  Loncia  alao  ocean 
Ju  the  vegetable  kingdom. 

Lea<un  hoa  been  prepared  synthetically  by  nCFHeu'  from 
isovaleraldchyde-ammonia  and  hydrocyanic  acid.  This  lencin  is 
opticutly  inactive.  Inactive  lencin  may  also  be  prepored,  as  sliown 
by  G.  Sc'ituuK,  llAKHicai  and  Bosshard,*  by  the  cleavage  of  pro- 
tmda  vritli  baryta  at  lttO°  C.  or  on  heating  ordinary  tencin  with 
baryta-watcr  to  the  e&me  temperatnre.  The  laevorotatory  niodi< 
ficstion  may  1>e  formed  from  the  inactive  leacin  by  the  action 
of  ponicillnm  gliLttnnm.  The  lencin  obtained  in  the  panoreatic 
digestion  of  proteids  as  well  as  in  their  cleavage  with  hydrof^hloric 
acid,  seems  always  to  bo  the  dextrorotatory  variety.*  Ck)lis  *  has, 
however,  obtained  a  lencin  differing  from  the  ordinary  lencin  in 
the  tryptic  digeRtiou  of  Qbrin.  IICfnck  has  pre[>ared  an  isomer  of 
leucin  from  monobromcaproic  acid  and  ammonia.  It  is  a  qnestion 
whether  there  exiat  natural  lencins  corresponding  to  normal  caproic 
acid.  On  oxidation  tho  leucins  yield  the  corresponding  oxyacids 
(leucinic  acid»).  The  lencins  are  decomposed  on  heating,  evolving 
carbon  dtoxiile,  ammonia, and  amrlamin.  On  lieuting  witli  alkalies, 
as  also  in  pntre faction,  ib  yields  valerianic  acid  and  ammonia. 

Leacin  crystallizea  when  pore  iu  shining,  white,  very  tlun 
plates,  nsnalty  forming  ronnd  knobs  or  balls,  either  Appearing  like 
hyaliu  or  altemsting  light  ur  dark  concentric  liiyerti  which  consist 
of  radial  groups  of  crystals.  Ijeitcin  as  obtained  from  the  animal 
fluids  and  tisanes  is  very  easily  soluble  in  water  and  rattier  easily  in 
uloohol.  I*ure  lencin  is  solnble  with  difficulty;  according  to  certain 
statements  it  dissolves  in  about  2t)  parts  uf  water  at  onlinary  t«m- 
peratnres  or  little  higher,  and  according  to  others  in  4ij  parts.    This 


'  Juurn.  f.  prakt.  Chom..  N.  r,  Bd.  1. 
■  ZwtMlir.  t.  phj-Biol.  C'liein.,  Bdd.  9  and  10. 

'Id  regard  tn  cootradlcuir^  MtkinmvoU  wo  HoppoSoflnr'sIlandbach.  8. 
Auil..  p.  134. 

*  Zsiadir.  f.  pb7«iol.  Chem.,  Bd.  30. 
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difference  may  be  due,  according  to  Gmelin,'  to  the  fitct  that  the 
opticallj  active  leacin  may  be  variable  mixtnros  of  the  dextro-  and 
laevorotatory  modifications.  The  inactive  leucin  is  the  moBt  inBoln- 
bio.  The  specific  rotation  of  the  ordinary  lencin,  dissolved  in 
hydrochloric  acid,  is  {«)D  =  -J-lT./i.  Leiicin  is  readily  soluble  in 
ulkalies  and  acids.  On  slowly  heating  to  170"  C.  it  melts  and 
siiblimos  in  white,  woolly  flakes  which  are  similar  to  snblimad  zinc 
oxido.     A  marked  odor  of  amylamin  is  generated  at  the  same  time. 

The  Boliitiou  of  leucin  in  water  is  not,  as  a  rule,  precipitated  by 
metallic  salts.  The  boiling-hot  solution  may,  however,  be  precipi- 
tated by  a  boiling-hot  solution  of  copper  acetate.  If  the  solntion 
of  lencin  is  boiled  with  sugar  of  lead  and  then  ammonia  bo  added 
to  the  cooled  solntion,  shining  crystalline  leaves  of  leucin-lead  oxide 
separate.  When  boiled  with  leucin,  copper  ozyhydrate  is  dissolnd 
without  redaction. 

Leucin  is  recognized  by  the  appearance  of  the  balls  or  knobs 
under  the  microscope,  by  its  action  when  heated  (sublimation  test), 
and  by  Scheukr's  test.  This  last  consists  in  the  leucin  yielding 
a  colorless  residue  when  carefully  evaporated  with  nitric  acid  on 
platinum-foil,  and  tliis  residue  when  warmed  with  a  few  drops  of 
caustic  soda  gives  a  color  varying  from  a  pale  yellow  to  broim 
(depending  on  the  purity  of  the  lencin),  and  on  farther  concentrat- 
ing over  the  flame  it  agglomerates  into  an  oily  drop  which  roHi 
about  on  the  foil. 

Tyrosin,  0,H,,NO„  or  /)-oxtphenyi.-amidopropioxic  acid, 
II0.(;,n,.C;,II,(N'II,).C001I,  is  derived  from  most  protein  snb- 
stauces  (not  gelatin)  under  the  same  conditions  as  leucin,  which  it 
habitually  accompanies.  It  is  espcciidly  found  with  leucin  in  Ui^ 
quantities  in  old  cheese  (Trpo?:)^  from  which  it  derives  its  name- 
Tyrosin  has  not  with  certainty  been  found  in  perfectly  fresh  organs, 
with  the  exception,  perhaps,  of  the  spleen  and  pancreas  of  cottle- 
It  occurs  in  the  intestine  in  the  digestion  of  aH)nuiinous  sabstances. 
and  it  lias  about  the  Siime  physiological  unil  pathological  importaoW 
as  loucin. 

Tyrosin  wiw  prepared  by  Eri,>:xmkyer  and  LiPP*  from  p- 
amido-phenylalaniii  by  the  action  of  nitrons  acid.  On  fusing  with 
caustic  alkali  it  yields  p-oxybenzoic  acid,  acetic  acid,  and  ammonift- 

'  Zeitsclir.  f.  pbyaiol.  Chem..  B<I.  18. 

■  Ber.  (1.  deutsch.  chem.  OesuUsch.  zu  Ilterlin,  B<1.  15,  S.  16M. 
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(y  ptitrefiiction  it  may  yield  p-hydrocoumaric  acid,  oxyphenyl- 
cocic  aoid,  and  p-cresol. 

TyrosiD  in  u  very  iDipnre  staUi  niay  be  in  the  form  of  \ni\\i 
Imilor  to  loacin.     The  purified  tjroBin,  ou  the  contrury,  appears 

0  colorleea,  silky,  line  needk>«  which  aro  Dfton  grouped  into  tiifta 
r  bolls.  It  is  solabte  vitii  ditticnlty  in  water,  being  disaolTed  by 
\i!i\  \yaix»  water  at  -f-  30°  C.  and  1A4  partd  boiling  water,  separat- 
Dg,  however,  as  tufts  of  needles  on  cooling.  It  dissnWea  more 
Bfiily  in  Uio  presence  of  alkalies,  ammonia,  or  a  mineral  acid.  It  is 
ItfRcaltly  solnblo  in  acetic  acid.  Crystals  of  tyrosin  separate  from 
m  ummouiacal  solution  on  the  spnn  taneotid  ovaiMinitinn  of  the 
Rimonia.  The  solution  of  the  tyrosin  obtained  from  protein  snV 
taiKos  by  the  aotiou  of  acids  tms  always  a  faint  licrorotAtory 

wer.  Tyroaio  prepared  synthpticaUy  or  by  decomposition  of 
iroteids  by  baryta  is  optically  ini«;ti\e.'  Tyrosin  is  not  soluble  in 
oobol  or  ether.  It  is  identifieil  by  Its  crystalline  form  and  by  the 
llowiiig  reactions: 

1  Pikia'b  Test.  Tyrosinis  diHaolred  in  oonoentnited  sulphuric  acid 
by  the  aid  of  beat,  by  which  tyrosin -a  tilphnric  acid  is  formed;  it 
B  allowed  to  cool,  diluted  with  water,  neutralined  by  UaCO,,  uiid 
(Utcrcd.     On  the  addition  of  a   solution  of  ferric  chloride  the 

trat«  giTOB  a  beantif  al  violet  color.  This  reaction  is  disturbed  by 
preoenee  of  free  mineral  acids  and  by  the  addition  of  too  much 
rric  chloride. 
Hopuank's  Text.  If  some  water  is  ponred  on  a  small  qnantity 
^  tyrosin  in  a  test-tube  ami  u  few  drops  of  Millum'.h  reagent  nildad 
Bid  then  the  mixture  boile*!  for  some  time,  the  liquid  becomes  a 
Mntiful  red  and  then  yields  a  red  precipitiUe.  Mercuric  nitrute 
Day  fin>t  be  added,  then,  after  thig  has  boiled,  nitric  acid  coutaiu- 
bg  JKtme  nitrous  acid. 

SciiBRKR'a  Text.  If  ty ratio  is  carefully  evapomted  to  dryne«s 
rith  nitric  acid  on  platinum-foil,  a  beautiful  yellow  residue  (nitro- 
pt)gin  nitrate)  ia  obtiunml,  which  givc?t  a  deep  reildinh-yellow  color 
rith  oanstio  soda.  This  teat  is  not  characteristic,  as  other  bodien 
ive  a  similar  reaction. 

Leocin  and  lyroein  may  be'prepai-eil  in  large  quantities  by  boiT- 
ig  albuminous  bodice  or  utbumiuoidB  with  ililitte  mineral  ncidg. 
Irqloartly  we  boil  hoef-sharingB  ('I  part-t)  with  dilute  sulphuric  aciU 


>  SW  Maiiilut'r.  Wiou.  8iUiiti|c>b(ir.,    B<1. 
iiiul    C'hcm..  Bd.  tl, 


8G,  mm)  B.   Sclinlxo,  Z«it«cfar.  f. 
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{6  parts  concentrated  acid  and  Hi  parts  water)  for  34  honn.  Afttr 
boiling  the  eolutiou  it  is  diluted  n-ilh  vr^ter  aud  neutralixed  while 
«UU  wttrm  with  milk  of  lime  and  then  filtered.  The  caltmnn  sdV] 
plinte  in  ropealcdlv  boilod  with  water,  and  tho  sernral  fiiiracea  att' 
nniled  and  coiinentmtofi.  The  lime  is  precipitated  from  the  con- 
centrated liqtiid  by  oxalic  acid  and  the  prccipilatc  liltere*!  ofl,i| 
TCpeatedlr  boiled  nitli  water,  all  tiltrateR  nnit^Kl  and  evapdntted 
crygtalli/.ation.  What  lir^t  cryatallizes  con&iet^  chiefly  of  tvr'istfll 
with  only  u  little  Icuciu.  liy  couceutrution  a  uew  crvfitaJlizatioBi 
may  be  produced  io  the  moiher-litpior,  which  consists  of  leucin 
with  fiume  tyrosin.  To  sopiirato  lonciri  and  lyroein  from  each  other 
their  dilTereiit  solubilitteH  in  water  miiy  he  tiil<en  adraata^c  of  IB 
preparing  them  on  a  lar;;;©  scale,  but  surer  and  betttr  ri:anlls  are 
o^^tniried  by  the  followiii^"-  iiictbod  of  ITlasiwetz  and  Uadermasn.' 
I'lio  crystalliuo  luiisa  is  boiled  with  a  largii  <piaiitily  of  water  ami 
enough  aminunia  to  dinHoUe  it.  'I'o  tljta  boilin^-Imt  solulion  cnon^ 
biuic  Icud  iicettitc  \s  uddt-d  until  tlict  precipitiiio  fomiod  is  neanj 
viiite;  now  tlltnr,  hrat  the  light  yellow  liltruto  to  boitinj;^,  nentraiite 
vith  sniphnric  acid,  and  51ter  while  boiling  hot.  After  oooliog, 
searlv  all  the  tynxsiti  id  precipitated,  while  the  leuoin  remains  in  the 
solution.  The  tyrosiii  may  be  purified  by  recryetallizing  from  hoil- 
itig  water  or  from  amnioi)iacid  water.  The  abo\u-iti(-ntione(l 
niother-Iif|nor  rich  in  leiicin  is  treated  with  ll,JS,  the  filtrate  con- 
centrntod  and  boilcfi  with  an  e\«!33  of  freshly  procipitjitod  copper 
oxyhydrate.  A  part  of  the  leticin  is  precipiUited,  and  the  rasiaue 
remaina  in  thu  nolutiou  and  jmrtly  crytstullizt^  us  a  cuprous  oom- 
poiiml  on  cooling.  The  copiwr  is  removed  from  the  preoipitate  and 
Aolution  by  inoana  of  |[,S,  the  filtrate  decolorized  when  neces^ry 
with  animal  charcoal,  Htron);1y  conoentmled  and  allowed  to  crystal- 
lizo.  The  leucin  obtained  from  the  precipitate  is  quite  pure,  while 
that  from  tlie  BoUition  is  aoraewliat  con  tarn  iiui  ted. 

If  one  is  working  with  smM  <|iiii>iticif6,  the  crystals,  which  dod- 
sist  of  a  mixture  of  the  two  budies,  may  be  dissolved  in  water  and 
this  solution  jirecipitatcd  with  basic  U^ad  acetate.  Tho  filtrate  is 
treated  with  H.S,  the  new  filtrate  evaponited  to  dryneas,  and  the 
residue  treated  with  warm  ahrolml  wliicli  dissolves  the  leucin  but 
jiot  the  tyronin.  The  i-emaining  tyroain  is  purified  by  recryBtallixs- 
tion  from  ammoniaoal  alcohol.  lj«iiciii  mav  be  purified  by  recryit- 
tidlization  from  boiling  alcohol  or  by  precipitating  it  as  leucin  lead 
oxide,  treating  the  precipitate  RUKjtoticled  iu  water  with  U^S  uid 
evaporating  the  filtered  ttolution  to  crystallization. 

To  detect  the  presence  of  leucin  and  tyrAiin  in  iinimal  fluids  or 
tissues  the  albumin  must  first  be  removed  by  coagulation  with  the_ 
addition  of  acetic  acid  and  then  precipitated  by  biuiic  lead  ucetat 
The  filtrate  is  treated  with  U.S.  tlii5  filtrate  evaporated  to  a  sii 
or  to  dryneas,  and  the  two  bodies  in  ihe  rcgiduo  are  separated  from 
^ttoh  other  by  bmbng  alcohol  and  then  purifie<l  as  above  abated. 
'  Aoual.  d.  Cb«m.  u.  Pliarui.,  Bd.  109,  S.  UM, 


ASPASTTC  ACIIi. 

Aspartio  Aoid,  CJI,XO„  or  AUiDO-avccixic  acid,  C,II,(NU,). 
(COOil),.  This  avid  U  obtained  in  the  trypsin  digeetioD  of  tibriu 
and  gelatin.  It  may  ulao  be  obtained  by  the  decompoeitjou  of 
albaminoaa  bodiee  or  ulbaiuinoids  with  acids  (eee  Chapter  II).  It 
has  ulao  been  foatid  in  be«t-ruot  mola^es.  and  lastly  it  18  rory  vidolj 
diffuscU  hi  tlic  vegetable  kingdom  a^  theaniid  aspahaoink  (aniido- 
anccinic-acid  amid),  wliich  soems  to  be  of  the  greatest  importance 
iti  the  development  aud  formation  of  the  albumiuoQs  bodies. 

A^portic  ucid  dissolves  in  !45U  parts  water  at  +  10°  C  and  in 
18.tj  parts  boiling  water,  and  cryiitaUizes  ou  cooUug  as  rhombic 
prisms.  The  acid  prupured  from  protein  siibstauoeit  in  npticidly 
active,  and  i^  dextrugyrut*)  in  a  eoiution  strongly  ooid  with  nitrio 
acid,  and  liBTogyrsle  in  a  wutitry  Hohition.  It  forms  with  copper 
oxide  a  crystalline  oombitiation  vhich  is  soluble  in  t>oiliDg-hot  water 
and  nearly  insoluble  in  t'old  water,  and  which  may  be  uboi]  in  the 
preparation  of  the  pure  acid  from  a  mixturo  with  otlier  bodiee.  la 
reganl  to  methods  of  pre|taratiou  see    IIi.A8iwirrz  and    IIahkh- 

MANN  '  and   K.  SCHILZE.* 

The  action  of  try  pain  on  other  bodiw  lias  not  been  thoronghly 
studied.  An  onzymo  has  been  found  in  the  panereas  of  lliu  pig  and 
certain  herblvont,  which  \»  not  idetitical  with  trypsin  and  which 
catises  the  coagulation  of  neutral  or  alkaline  milk  (KChnb  and 
Roberts').  (Jelatin  is  diawjlvei!  by  tlie  pancreatic  jnico  and  ii 
oonvertod  into  gelatin-peptone.  Acourding  i.o  K(-H\r.  and  EwAi,n* 
neither  glyoocoll  nor  leociii  ih  rnrmwl.  The  (felat in-forming  snh- 
stance  of  the  connective  tifwne«  is  not  direotly  dissolved  by  trypsin, 
but  only  after  It  luw  been  treated  with  ucids  or  soaked  in  water  at 
+  70°  C. 

By  the  action  of  trypsin  on  hyalin  cnrtilaffe  the  cells  dissolvBi 
leaving  the  nucleus.  The  baais  is  softened  and  shows  an  india* 
tinctly  constmcted  network  of  collagenons  snbstance  [KCHXKand 
EwALli).  The  eliuttiv  /tubatanee,  the  struct ureUjiit  inemhraiif,  and 
the  numhrane  of  Ilitfal-nUa  are  a!ao  dissolved.  Ptirenchymaiou* 
erganSy  such  aa  the  liver  and  the  mintcleti,  are  difwoWed  all  bnt  the 
nuclcoa,  conueotivo  tissue,    fat-corpuBcles,  and  the  remaituler  of 


>L.c. 

•  ZelMobr.  t.  phjrsinl.  Chem..  Bd.  9. 

•  Se«   MiUjr't  Jklimher..  Bd.  «.  H.  '.^84  ,  «1»>  Sidncj  Kdkiiu,  Jouriud  of 
Phfaiolxgf,  Vol.  IS,  wbich  coDCunHKll  tlic  li'mitura. 

•  Verli.  d.  n»mrli.-»u«l.  Vereins  «u  HeidcllKirg,  (N.  F.)  Bd,  1. 
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tlie  nerroTis  tissoe.  IF  lli«  nnisctes  nro  boiled,  then  the  coddm- 
tiT«  ti^ne  i^  also  dissolved.  Mucin  and  cert&in  nucleiiiB  are  dis- 
solved and  split  by  tn-jiain  soltitiorw.  The  digestibility  of  cweio 
pg«tidoiiiic1«iu  iu  trT]}3in  eolnttous  has  beou  showu  reoeotly  b; 
Sebbleis.'  Popopf'  had  previously  shown  the  same  for  tlwJ 
nticleiu  from  tbe  thymus.  Oumlicu'  aud  WEisxRiUD'  hate 
shown  that  the  nacleiiis  nre  only  partly  utilized  in  the  iuttwtiue.      dH 

Trypsin  seems  to  be  without  action  on  chUin  and  horntf  sub-  ^ 
stand,    OxijhtemogMiin  in  decomposed  by  trypsin  with  the  splittiug 
off  of  biemRtin,      Uffmuglohin,  on  the  contrary,  wlien  the  access  of       ' 
oxygen  i.s  complptely  preventwl,   is  not   decomposed    by   trypsin 
(Uoppe-Setlbu*).     Trypsin  does  not  act  on  fats  or  carbohydrates. 

It  h[is  already  been  brought  out  above  that  trypsin  docs  iiol       | 
exist  really  formed  in  the  gland,  bnt  more  likely,  as  IIkiuknu.vi.v*       i 
has  shown,  the  glnnd  coutnins  a   corresponding  zymogen.     Tbe      | 
maximnm  quantity  of  such  zymogen  iu  tlie  gland  occurs  H~lti-lS 
hours  after  an  abundant  hkiiI,  and  the  minimum  O-IU  hours  after. 
TUis  zyniogeu  is  not  converted  by  glycerin  into  tryiaio,  but  is  eaaly      j 
changed  by  water  and  acids.     A  soda  solution  of  l-I.Sjf,  on  tbe 
contrary,  prevents  almost  entirely  tlie  conversion  of  the  zymogen.       j 
If  wo  allow  the  gEnnd  to  lie  in  the  air  it  gnulnally  Ijouomos  acid,  and 
this  leads  to  the  formation  of  an  enzyme  iu  which  tbe  oxjgen  aoems 
to  be  active,  as  is  nsual  in  tbe  conversion  of  tbe  zymogen  into 
trypsin.     It  is  very  probuble  also  tliat  tbe  two  other  enzymes  are 
formed  from  ooncsponding  zyniugeus,  and  tliis  has  been  shown  b/^| 
LiVKKsiiMin'  to  be  jiiausiblo  in  tbe  case  of  the  diaslatic  enzyme.      ^^ 

After  a  |denlifril  maul  UElUENU.ilx  fonnd  iu  dogs  in  the  first 
stages  of  digestion,  whun  tbu  tsecretiou  of  pancreatic  juice  was  most 
active,  that  the  glandular  ct-lU  beuauio  sniiiUer  owing  to  tlie  cou- 
Bnmptiou  of  the  inner  gninular  zone,  white  the  outor  zone  at  th 
same  time  took  up  new  material  and  became  Inrgur.  In  tliose 
the  (juantity  of  zymogen  is  snmlle&t.  At  a  later  penod,  13-*.i0  honre 
after  a  meal,  the  innor  zone  is  rc>formcd  from  the  outor,  and  tlio 
larger  this  zone  is  the  larger  the  quantity  of  zymogen  in  tlie  gland 

■  Zeitacbr.  i.  fhytXoX.  CUorn..  Bd.  30. 

•  TWA.  B.I.  18. 
» Ibid  .  IU.  18. 
<  Vt>rlian<tl.  d-  phjuiol.  QewUsch.  zu  Berlio,  1893. 

*  I>b;>iul.  Chvm. .  H.  247. 
•PHQKwfBAreli.,  Bd.  10. 
»  Jonrniil  of  Phj-siol.,  Vol.  8. 
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•eeniB  to  be.  The  nytnogen  con«e<|nentW  belongs  to  tlie  inner  lone, 
and  the  secretion  consiiits  lliet-efore,  at  \&m\.  in  part,  iu  HiltMlriicLion 
or  dissolution  of  this  zone  whereby  the  enbatanco  of  the  gland  iUelf 
■•changed  into  the  secretion  (llEinEXHAix).  Thi»view,  however, 
is  in  opprrtition  to  that  of  Lewasthrw,'  who  observed  tlmt  iu 
animaU  which  have  fltarveil  an<]  whose  pancreas  are  uearly  fVee 
from  zymof^en,  the  inner  ^rainilar  znne  itn  just  as  much  developed 
a4  under  normal  conditionn  and  containing  abundant  cjnautitiee 
of  zymogen.  We  are  still  completely  in  the  dark  regarding  the 
nature  of  the  chemical  proc«i»eiii  which  take  place  in  the  conversion 
of  the  zymogen  into  the  enzyme. 

V.  The  Cbcinlcal  ProccKBeu  lii  the  lutoHtliio. 

The  action  which  belongs  to  each  digestive  secreb'on  may  be 
ntinllj  changed  by  mixing  with  other  digi^tive  fluids;  and  eince 
the  digoatiro  Huids  which  flow  into  the  intestine  are  mixed  with 
still  another  fluid,  the  bile,  it  will  ho  readily  understood  that  the 
combined  action  of  all  these  fluids  in.  the  intestine  makcji  the  ohemi* 
col  procoBsea  going  on  therein  very  complicated. 

As  the  acid  uf  tbft  giU^tric  jnice  acta  dcatructirely  on  ptyatiu, 
this  enzyme  hu  no  further  diostatic  action,  even  after  the  acid  of 
the  gastric  jnice  has  been  nontralized  in  the  intestine.  The  bile 
has,  at  least  in  certain  animals,  a  faint  dlastatic  action  which  in 
itself  can  hardly  be  of  any  great  importance,  but  which  shows  that 
the  bile  ha«  not  a  preventive  but  rather  a  beneficial  inflncnceon  the 
onoi^etic  diostalic  action  of  the  pnncfeatic  juice.  Martix  and 
WiM.iAMs'  have  ohscrrcd  a  beneficial  action  of  the  bilo  on  the 
diastatic  action  of  the  pancreas  infusion.  To  'this  may  be  added 
that  the  organized  fermenls  whicli  occur  habitnally  in  the  intestine 
and  soinetimee  iu  the  food  have  imrtly  a  diast-atic  action  and  partly 
prodnc4»  a  lactic-acid  and  butyric-acid  fei-mentation.  Tlie  maltose 
wUich  ii  formed  from  the  starch  seems  to  he  ponverted  into  glucose 
to  the  intestine.  Canc-sngar  ie  inverted  in  the  intestine,  but, 
according  to  the  observations  of  Voir  and  T^rsK,'  milk-sugar  is  not 
ioverted  in  the  intestine  of  rabbits.  CelhiloAe,  especially  the  finer 
aud  more  tender,  is  undoubtedly  pii.rtly  diseolved  in  the  iDteatioe; 

'  PflOger'o  Areli..  Bd.  87: 

•Priwed.  of  Roy.  Sw.,  Vol*.  45«nd48. 

•ZoitKiir.  f.  BiuluKle,  Bd.  38.  i.  371L 
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the  products  formed  hereby  are  not  very  well  known.  It  has  been 
shown  by  Tappesier  that  cellnlose  may  nndergo  fermentation, 
caused  by  the  action  of  micro-organisms  with  the  prodoction  of 
marsh-gas,  acetic  acid,  and  butyric  acid;  still  we  do  not  know  to 
what  extent  the  cellnlose  is  destroyed  in  this  way.' 

Bile  possesses  the  power  of  dissolving  fats  in  so  slight  a  degree 
that  it  is  scarcely  worthy  of  mention.  It  is,  howerer,  without 
donbt  of  greater  importance  that  the  bile,  as  Nencki  '  and  Rach- 
FORu'  have  shown,  facilitates  the  fat-splitting  action  of  the  pan- 
creatic juice.  This  splitting  of  the  fiits  into  fatty  acids  and  glycerin 
is  an  important  factor  in  the  absorption  of  the  fats.  The  fatty  acids 
combine  with  the  alkalies  of  the  intestinal  and  pancreatic  juices, 
producing  soaps  which  are  partly  absorbed  us  sucli  and  partly  exer- 
cise a  powerful  action  on  the  absorption  of  the  fats.  There  is  no 
doubt  that  the  chief  part  of  the  fats  in  the  food  is  absorbed  as  a 
fine  emulsion,  and  the  soaps  are  of  great  importance  in  the  forma- 
tion of  this  emnlsion. 

If  to  a  soda  solution  of  about  2  p.  m,  Na,CO,  we  add  pure, 
perfectly  neutral  olive-oil  iu  not  too  large  quantity,  we  obtain,  after 
vigorous  shaking,  a  transient  emulsion.  If,  on  the  contrary,  we 
add  to  the  same  quantity  of  soda  solution  an  equal  amoant  of  com- 
mercial olive-oil  (which  always  contains  free  fatty  acids),  we  need 
only  turn  the  vessel  over  for  the  two  liquids  to  mix  and  immediately 
we  have  a  very  finely  tlivided  and  permanent  emulsion  making  the 
liquid  appear  like  milk.  The  free  fatty  acids  of  the  always  some- 
what raucid  commercial  oil  combine  with  the  alkali  to  form  soaps 
which  act  to  emulsify  the  fats  (liitCcKK,'  Gad  ').  This  emnlsifying 
action  of  the  fatty  acids  split  off  by  the  pancreatic  juice  is 
undoubtedly  assisted  by  the  habitual  occurrence  of  free  fatty  acids 
in  the  food,  ami  also  by  the  splitting  off  of  fatty  acids  from  the 
neutnil  fats  by  the  putrefaction  in  the  intestine.  These  fatty  acids 
must  combine  with  the  alkalies  in  the  intestine  and  form  soaps. 

'  On  tlin  digestion  of  cellulone  see  Ilcnneber^  and  RtolimanD,  Zeitscbr.  f. 
Biolo^ie,  Bd.  21,  S.  tS13  ;  v,  Knierii'iu,  tbid.,S.  67;  Ilofmeister,  Arch.  f. 
wiss.  II,  jirnkt.  Tliierlieilkunde,  Bd.  11;  Weiske,  Zoitscbr.  f.  Btologie,  Bd.  8S, 
8.  ^To;  Tappelner,  ibUl.,  Bdd.  30  and  34;  &nd  Maltgvre,  Pfl&ger's  Atc1l» 
B<1.  4U. 

'  ArcL.  f.  exp.  Patli,  u.  Pharm.,  Bd.  20. 

»  Journal  of  Pbysiol.,  Vol.  12. 

*  Wien.  Sitzungsber.,  Bd.  61,  Abtb.  2. 
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This  etiiul8iti(»tion  of  fnts  by  means  of  the  aoUon  of  tlie  pan- 
nrestic  jtiic«  or  hy  Noaps  formed  In  other  ways  can  only  take  ])laoe 
ill  an  alkaline  ftoliicion.  In  the  contonts  of  the  inteetiut\  tm  lung 
•8  they  are  acid,  such  an  emntaion  can  hnnlly  occur.  On  the  con- 
trary,  it  nndoobtetny  occnra  at  the  point  where  the  fat  comrs  in 
coatiict  with  an  alkntinu  secretion  nndcr  n  mueoos  mombrsno,  or  in 
general  where  it  meets  with  enfTlt^ienl  alkali  to  form  an  omnluon. 
In  the  acid  contents  of  the  intontine  of  dopi,  which  liod  been  kept 
on  food  rioh  in  fat,  Lcnwiu  and  Cahh  '  ohserred  no  eninlsion. 
After  tying  the  two  innureaa  excroUjry  ducts  they  fonnd  a  remark- 
ably  Bne  emuUion  in  the  ohylons  vassels,  tliongh  the  fat  in  tho 
contents  of  the  intestine  vns  not  emnlafiod.  In  this  owe  it  i» 
poKible  that  the  free  fatty  acid  which  is  hardly  over  absent  in  the 
fat  of  the  foml,  and  which  may  be  produced  aldo  by  putrefaction  in 
the  intestine,  forma  soapa  with  the  alkali  of  the  mncons  coat  of  tho 
intestine  and  produces  the  emtilsion  in  the  chylous  reswels.  It  nmfit 
not  be  for^tten  that,  iiccordiuf^  to  many  ohsenrattoni).  an  emiili^ion 
of  the  fata  may  be  produc»l  by  means  of  proteid,  independently 
of  the  reaction.  In  thin  regard  reforenue  Ahnnld  be  made  to  the 
statement  of  KOiisk'  that  the  pancreatic  jnice  fn>m  a  p^rmaneiit 
fistula  which  in  poor  in  proteid  hoe  the  ema1si6cation  i)ri)|}«rty  to 
a  loos  defp-eo  than  the  jnioo  from  a  t«mponry  fistula  which  is  rich 
in  proteid.  KOhnk  has  nlso  shown  that  this  emuUification 
property  is  not  to  be  ascribed  to  the  alkali,  m  faintly  acid  jaicefl 
also  hate  this  ppoiwrly. 

Ci_iri)E  Bernahii  fonnd  long  ago  in  his  experimonta  on 
rabbits,  in  which  aoimols  the  choledoohns  dnct  waa  inoflcnlatod  to 
tlie  small  int«8tine  above  the  pancreas  passa^os,  that  when  their 
food  contained  a  1arg«  proportion  of  fat  tho  cbyloua  vessels  of  the 
intestine  above  the  ]wncrea8  powngoa  wore  trauejmreut,  but  below 
the  same  they  wer«  milky-white,  and  from  this  concluded  that  tho 
l!>ile  alone,  withont  the  pancreatic  juice,  does  not  emulHrfy  futs. 
Uastrk*  tried  tJie  reverse  experiment  in  dogs,  namely,  tyiug  tho 
chol»docbQfl  dact  and  producing  a  biliari-  listnlu,  through  whlcli  thu 
bile  would  flow  into  the  intestine  below  the  month  of  the  pancrentic 
pat!sage«.  Whon  the  animals  were  killed  after  a  meal  rich  in  fat, 
the  cbyloua  vessels  were  first  milky-white  below  the  opeaing  of  tho 

■  Du  Boio-KoTDiuadV  An\i..  1S80. 

*  Ubrbacli  d.  plivstnl.  Cli«iu..  1368.  S.  lH. 

■  Arcb.  do  [ibysiol.,  (&)  Tome  3.  |>.  810. 
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biliani'  fistula.     I>a9tre  dritws  the  following  conclafliou  from  tliifi' 
Cbat  combined  action  of  the  bile  and  tbe  pancrentic  juice  is  iiecei*- 
■ary  for  the  iilisorptioii  of  tbe  fats — »  dednction  wliich  coiiiciti*^-* 
vith  the  libDTC-nieiitioiied  observntions  of  Nbncki  aud  RArilFOKl-^  - 
The  imjtortancB  of  the  bile  and  tUe  pancreatic  jnice  for  tho  Abaorj^' 
tioD  of  futtt  will  be  disciiijSGd  iii  detail  later  (Ece  Absorption). 

Bile  completely  prevents  pepsin  digeBtion  in  artiGciiii  digestion        • 
and   it  may  also  retard  the   swelling  np  of  the   proteids.     Th^^M 
passage  of  bile  into  the  Ktoniaiih  during  digestion,  on  the  contmrr — '^ 
tteems.  according   to  several   iuvesti^'utors.  especially   0dpi  '   ani^^^ 
Uastuf,,'  to  have  no  retarding  ai^tion  on  stomtichic  digestion.    Uili — ^*' 
has  no  solvent  tuition  on  proteids  in  nentrol  or  alkaline  reaction,  bat^V'  ^ 
Btill  it  mil}'  have  an  inlluenceun  proteid  digetilinn  In  the  intestine.^.'* 
The  add  contents  cf   the  Bloniach,  contjiining  an  abniidance  of"^t-l 
{iroteiilH,  give  with  tlie  bile  u  prtH^ipiti^te  of  proteids  anil  htle-iu'-ida. 
This  precipiuitD  carries  a  ])art  of  the  pepsin  with  it,  aud  for  thid 
reason,  and  also  on  aecouitt  of  tlui  purtiid  or  complete  nenlralizution 
of  tho  acid  of  the  giuitric  jnice  by  the  alkiiJi  of  the  bile  and  the 
jiuncreatic  jnico,  tho  ])opeiu  digestion  cimuot  proceed  further  in  tlw 
intestine.     On  the  uoutniry,  the  bile  does  not  disturb  the  digestion 
of  protcids  by  tbe  pancreatic  juice  in   the  intestine.     The  action 
of  these  digestive  secretions,  ati  aliore  stated,  is  not  distnrbed  by 
the  bile,  e3j)ecially  not  by  the  fuintly  acid  reaction  due  to  organic 
acid^  which  are  Imbitnally  found  in  the  up})ei-  partiS  of  tbe  intestine. 
Ill  a  dog  killod  while  digestion  is  going  on,  the  faintly  at^d,  bile- 
oontaini.ig  matter  of  the  intestine  shows  regularly  a  strong  digestive 
action  on  ])roLeLds. 

The  precipitiite  formed  on  the  meeting  of  the  acid  contenca  of 
the  stomacb  with  the  bile  easily  redit^snlves  in  an  excess  of  bile  and 
also  in  the  NaOl  formed  in  the  nentralizatioii  of  the  hvdrochloric 
acid  of  the  giuitric  jnice.  This  may  take  place  eToii  under  faintly 
acid  reaction.  Sino^  in  man  the  excretory  dncts  of  tho  bile  and  the 
pancreatic  jnic^o  open  near  one  another,  in  conwjqnonoe  of  which 
the  acid  contents  of  the  stomach  are  probably  immediately  in 
great  part  Ticutralizcd  by  tho  bilo  as  soon  as  it  enters,  it  in  donbcfnl 
whether  a  precipitation  of  protciils  by  the  bile  oocars  in  the  inteatjne. 

Besides  the  previously  mentioned  processes  caused  by  enzymes, 
there  are  othera  of  a  different  nature  going  on  in  the  intostins, 


>  C«otnlbl.  f.  I*h/stol..  1887,  8.  819. 
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namely,  the  fermentAtion  and  pntrefoctian  prot-esaes  c-atiBeil  by 
inicro-organiBmB.  These  are  lass  intense  in  tlir  upper  parls  of  the 
iuteetine,  but  iucreaso  in  inteusit^  towards  cbe  lower  fiart  of  the 
same,  untl  liecreoee  in  the  lar^'e  Jnteetiue  becan&e  of  the  absorption 
of  water.  Feniientation  but  not  putrefaction  prooeeseii  occur  In 
the  uniall  iuteatinc  ua  loug  as  the  coutenl«  are  strongly  achl. 
Macfadven,  M.  Nencki,  and  N.  SiKttKu  '  have  iuvottttguted  a  cuee 
of  hnuiuu  anus  pneteruaturalU,  iu  wiiiub  tlio  lietulu  occiirriMl  at  the 
lower  tfud  of  the  ilenni,  and  they  were  nble  to  inrosli^^ato  thu  con- 
to  of  the  iDtosline  after  it  had  been  exixisod  tu  the  action  of  the 
mucous  meinbrane  of  the  entire  enmll  inteetiuc.  'Die  niu«s  vtfvs 
yellow  or  yellowish  brown,  duo  to  bilirubin,  had  an  acid  reaction 
which,  calculated  as  acetic  acid,  amounted  to  1  ]>.  m.  The  oou- 
tentfi  were  nearly  odorless,  having  an  cuipyronmiitic  odar  recalling 
that  of  volatile  fatty  acids,  aud  only  seldom  had  a  putrid  odor  re* 
calling  that  of  iudol.  The  egscntiul  acid  present  was  acutic  ucid, 
aociinipanicd  with  fcmientation  lactic  acid  and  paralaotic  acid, 
volatile  fatty  acids,  succinic  acid,  ami  bilo  MciiLs.  Coagulable  pro- 
teida,  peptone,  mucin,  dextrin,  de.ttrose,  atid  alcohol  were  preeeni. 
Louciu  aud  tyrosin  cotihl  not  W  detoote"!. 

According  to  the  alKivo-montionod  investigators,  the  protcida  are 
only  to  a  Tory  slight  extent,  if  at  all.  dccompogcd  by  the  microbes 
ill  tho  Buiall  iutostino  of  man.  The  niicrobee  proaeut  in  the  snuUl 
inuwtino  prefenibly  decompose  the  carbohydmtes,  forming  ethyl 
alcohol  aud  tho  above-mentioned  organic  acids.  Free  hydrDchloriR 
acid  doc«  not  occur  iu  the  small  intestine,  and  it  is  the  orgniiio  acids 
that  provcnt  the  putrefaction  of  the  proteids  iu  the  intestine  and 
also  reduce  the  deoompottition  of  the  carbohydrates. 

Further  investigations  of  J.VKOWSK  Y  *  lead  to  the  enmc  rcsnlt, 
Tiamoly,  that  in  man  the  pntrefurtion  of  tlio  proCcidd  docs  not 
tflke  place  in  the  sninll  but  in  the  large  intestine.  This  piitre- 
factioQ  of  the  proLeids  m  not  the  daum  as  the  [iiuicrQatic  digostiou, 
aud  these  two  procefises  arc  cKseutiaily  difltsreub  beoauae  of  the 
products  they  yield.  In  the  pancreatic  digestion  of  proteida  there 
arc  fomied,  an  far  as  we  know  at  present,  beoidoH  albumoHes  and 
peptones,  lyiiiu,  lyaatinin,  protoiuchromogeii,  oniidu-acids,  and  am- 
monia. In  the  putrefaction  of  tlju  prutoids  wo  have,  indeed,  the 
BMDO'  proihicta  formed  at  the  beginning,  but  the  decomposition 

•  Awh   r  exp.  Paili.  n.  Ph*rm.,  Bd.  3S.  8.  811. 
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proceeds  considerably  further  and  a  number  of  products  are 
dereloped  wliicli  have  become  known  through  the  labors  of  numer- 
ous investigiitors,  Nencki,  Bai:mass,  Hriboer,  H.  aud  E.  Sal- 
KOWSKI,  and  their  pupils.  Tiie  products  which  a^e  formed  in  the 
putrefaction  of  proteida  arc  (in  addition  to  albitmoses,  peptones, 
nmido-acids,  and  ammonia)  indol,  skatol,  parat-resol,  phenol, 
phenyl-propionic  acid,  and  pUenyl-acetic  acid,  also  paraoxypUenyh 
acetic  acid  and  hydroparacumaric  acid  (besides  paracresol,  pro- 
duced in  the  putrefaction  of  tyroein),  volatile  fatty  acids,  carbon 
dioxide,  hydrogen,  marsh-gas,  methyl mercapian,  and  sulphuretted 
hydrogen.  In  the  putrefaction  of  gelatin  neither  tjrosin  nor  indol 
is  formed,  while  gycocoll  is  produced. 

Among  theBe  products  of  decomposition  a  few  are  of  special 
interest  because  of  their  behavior  within  the  organism  and  because 
after  their  absorption  they  pass  into  the  urine.  A  few,  such  as  the 
ozyacids,  pass  unchanged  into  the  urine.  Others,  such  as  pbeool, 
are  directly  transfornieil  into  ethereal  sulphuric  acids  by  syntheaisr 
and  are  eliminated  as  such  by  the  urine;  on  the  contrary,  others, 
such  as  indol  and  skatol,  are  only  converted  into  ethereal  sulphuric 
acids  after  oxidation  (for  details  see  Chapter  X\^.  The  quantity 
of  these  bodies  in  the  urine  varies  also  with  the  extent  of  the  putre- 
factive processes  in  the  intestine;  at  least  this  is  true  for  tba 
ethereal  sulphuric  acids.  Their  quantity  increases  in  the  urine 
with  a  stronger  putrefaction,  and  the  reverse  takes  place,  as 
liAi^MAN.v  '  has  shown  by  experiments  on  dogs,  when  the  intestine 
has  been  disinfected  by  calomel,  namely,  they  then  disappear  from 
the  urine. 

Among  the  above-mentioned  putrefactive  products  in  the  intes- 
tine the  two  following,  indol  and  skatol.  must  be  carefully  discassed. 

CII 

/         X 
Indol.    C,II,N  =  C.H.  CH,    and   Skatol,    or    hbthtl- 

\      / 
NH 

ecu. 

y     "^ 

INDOL.,  C,H,N  =  C,H  CH,  are  two  bodies  which  stand 

NH 
>  Zsltwhr.  f.  physiol.  Chun..  Bd.  10. 
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in  close  relationship  to  the  indigo  enhstances,  and  which  are  formed 
from  the  albaminons  bodira  by  their  putrefaction,  or  by  fusion  with 
caustic  alkali.  Hence  they  occur  habitually  in  the  human  intes- 
tinal canal  and,  after  oxidation  into  indoxyl  and  skatoxyl  respec- 
tively, pass,  at  least  partly,  into  the  nrine  as  the  corresponding 
ethereal  salphnric  acids  and  also  as  glycaronic  acids. 

These  two  bodies  have  been  prepared  synthetically  in  many 
ways.  Both  may  be  obtained  from  indigo  by  reducing  it  with  tin 
and  hydrochloric  acid  and  heating  this  reduction  product  with  zinc- 
dust  (Baeyeb').  Indol  may  be  formed  from  akutol  by  passing  it 
through  a  red-hot  tube.  Indol  suspended  in  water  is  in  part 
oxidized  into  indigo-blue  by  ozone  (Kexcki  '). 

Indol  and  skatol  crystallize  in  shining  leaves,  and  their  melting- 
points  are  +  52°  and  95°  C.  respectively.  Indol  has  a  peculiar 
excrementitious  odor,  while  skatol  has  an  intense  fetid  odor  (skatol 
obtained  from  indigo  should  be  odorless).  Both  bodies  are  easily 
volatilized  by  steam,  skatol  more  easily  than  indol.  They  may 
both  be  removed  from  the  watery  distillate  by  ether.  Skatol  is  the 
more  insoluble  of  the  two  in  boiling  water.  Both  are  easily  soluble 
in  alcohol,  and  give  with  picric  acid  a  combination  consisting  of  red 
crystalline  needles.  If  a  mixture  of  the  two  picrates  be  distilled 
with  ammonia,  they  both  pass  over  without  decomposition;  while 
if  they  are  distilled  with  caustic  soda,  the  indol  but  not  the  skatol 
is  decomposed.  The  watery  solution  of  indol  gives  with  fuming 
nitric  acid  a  red  liquid,  and  then  a  red  precipitate  of  nitroso-indol 
nitrate  (Xencki  *).  It  is  better  to  first  add  two  or  three  drops  of 
nitric  acid,  and  then  a  S<£  solution  of  potassium  nitrite,  drop  by 
drop  (Salkowski*).  Skatol  does  not  give  this  reiiction.  An 
alcoholic  solution  of  indol  treated  with  liydrochloric  acid  colors  a 
pine  cbip  cherry-red.  Skatol  does  not  give  this  reaction.  Skatol 
dissolves  in  concentrated  hydrochloric  acid  with  a  violet  coloration. 
On  warming  skatol  with  sulphuric  acid  a  beautiful  purple-red 
coloration  is  obtained  {Ciamicias  and  Magsasisi  '). 

For  the  detection  of  indol  and  skatol  in,  and  tlicir  preparation 
from,  excrement  and  putrefying  mixtares,  the  main  points  of  the 

'  Annal.  d.  Cliem.  u.  Pliarm.,  Bd.  1-10.  and  Supplbd.  7.  S.  56;  also  Ber.  d. 
deutscli.  cUein.  GesellBcli.,  Bdd   1  and  3. 

*  Ber.  d.  deutscli.  cliem.  OesellBch.,  Bd.  8,  B.  727. 

*  Ibid..  Bd.  8.  S.  723  and  1517. 

*  Zeitaclir.  f.  pbysiol.  cliem.,  Bd.  8,  S.  447. 

*  Ber.  d.  deutscli.  cliam.  Qesellscli.,  Bd.  21.  S.  1028. 
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usual  metbod  are  as  follows:  The  mixture  is  distilled  after  acidify- 
ing with  acetic  acid;  the  distillate  is  thoii  treated  with  alkali  (to 
combine  with  any  phenol  which  may  be  present)  and  again  distillei 
From  this  second  distillate  the  two  bodie.s  after  the  addition  of 
hydrochloric  acid,  are  precipitated  by  picric  acid.  The  picrate  pre- 
cipitate is  then  distilled  with  ammonia.  The  two  bodies  are 
obtiiineil  from  the  distillate  by  repeated  shaking  with  ether  and 
eviiporation  of  the  several  ethereal  extracts.  The  residue,  contain- 
ing indol  and  skatol,  is  diBsolved  in  a  very  small  quantity  of  absolnto 
alcohol  and  treated  with  8-10  vols,  of  water.  Skatol  is  precipi- 
tated, but  not  the  itidol.  The  further  treatment  necessary  for  their 
separation  and  puriUcatiou  will  he  found  in  other  works. 

1'ho  gases  which  are  produced  by  the  decomposition  processa 
are  mixed  in  tlie  intestinal  tract  with  tlie  atmos])hcric  air  swallowed 
with  the  saliva,  and  as  tlie  gas  generated  by  ditferent  foods  varieg, 
80  the  mixture  of  gases  after  various  foods  should  have  a  disauniltf 
composition.     This  is  found  to  be  true.     Oxygeii  is  only  found  in 
very  faint  traces  in  the  intestine;  this  may  be  accounted  for  in  put 
by   the  formation   of    reducing   substances   in    the   fermentation 
processes  whicii  combine  with   tlie  oxygen,  and  partly,  perhajB 
chieftj,  to  a  dillusion  of  the  oxygen  through  the  tissues  of  the  vsUb 
of  the  intestine.    To  fihow  that  these  processes  take  place  mainly  in 
the  stomach  the  reader  is  referred  to  page  378,  on  the  comjxBition 
of  the  gases  of  tlie  stonuich.     yitrogen  is  habitually  found  ia  the 
intestine,  and  it  is  proljably  due  chiefly  to  the  swallowed  air,  or 
perlmpH  in  j)art,  as  liL'xnE '  claims,  to  a  diffusion  of  nitrogen  fron* 
the  tissues  of  the  intestinal  walls  to  the  intestine.     The  carbo* 
dioxide  originates  partly  from  the  contents  of  the  stomach,  partly 
from  the  putrefaction  of  tlie  proteids,  partly  from  the  lactic-aci^ 
and  butyric-acid  fermentation  of  carbohydrates,  and  partly  froni 
the  setting  free  of  carbon  dioxide  from  t)ie  alkali  carbonates  of  tbe 
pancreatic  and  Intestinal  juices  by  their  neutralization  through  the 
hydrochloric  acid  of  the  gastric  juice  and  by  organic  acids  formed 
in  the  fermentation.     Hydrogen  occurs  in  largest  quantities  after  ft 
milk  diet  and  in  smallest  quantities  after  a  purely  meat  diet.    Thit 
gas  seems  to  bo  formed  chiefly  from  the  butyric-acid  fermentation 
of  carbohydrates,  althougli  it  may  occur  in  large  quantities  in  the 
putrefaction  of  proteids  under  certain  circumstances.     There  ia  no 
donbt  that  the  meihylmercapfan  and  sulphuretted  hydrogen  which 
occars  normally  in  the  intestine  originates  from  the  proteids.     The 

>  Lihrbiuh  d.  plijrriol.  u.  path.  Chom.,  1.  Aafl..  S.  368. 
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warsh-fjM  uii(!oabt««ily  origirintew)  in  the  putrefaction  of  proteiils. 
As  prouf  of  this  Ri'Ok'  foiiml  '^ii.4of  mursli-gao  in  the  human 
intestiDe  after  a  meat  diet,  lie  foiiiiO  &  still  greater  ({tmntity  of 
this  gaa  after  a  diet  consisting  of  legntninoue  plaBte;  this  coincides 
witii  tlio  ob^FTntioii  that  miir^li-gas  muv  be  produced  by  u  fenncn' 
tation  of  carhohvdrateB,  hnt  especially  of  cellulo»o  (TAri'KUVEti'). 
Sueh  an  origin  of  maruh-gsB,  especiully  in  herhivoro,  is  Lo  be 
axpected.  A  small  part  of  the  marsb-ga.'*  and  ctirhoii  dioxide  may 
leo  depend  on  the  decompositiou  of  lecithin  (llASKintoKK  '). 

Putrefaction  in  the  inteBtine  not  only  depends  upon  the  oom- 
iitioQ  of  the  food,  but  aliio  npon  the  albuminous  itecrutiomt  and 
le  bile.  Among  the  ecinslitnentK  of  bile  which  are  iihangeil  or 
decomposed  we  liave  not  only  the  pigmenie — the  bilirubin  yields 
hydroliilirubin  and  a  brown  jiiji^nienl. — ^but  also  the  bile-acidu, 
especially  tiinroclHilic  ai^id.  (ilycocholic  acid  is  more  stable,  and  a 
part  is  found  nncluuiged  in  the  excrement  of  certain  animals,  wliile 
taun>cholic  aci<l  is  eo  completely  docoDiimseJ  that  it  i»  entirely 
aheeut  in  the  fheceit.  In  the  ftetus,  in  whoeo  iutestiiiul  tract  no 
putrefaction  processes  occur,  ve  fiud^  on  the  contrary,  umlecom- 
posed  hite-acidH  and  hilc-pij;irientR  in  the  conteutit  of  the  intestine. 
The  rednction  of  bitirahin  into  liydrobitinibiii  df>es  not,  at^cording 
MACPA.DTEX,  N'bscki,  uiiil  StEKBit/  take  place  in  man  in  the 
'small  hut  in  the  lar-;e  ittteiitiuo. 

That  the  twenHiimii  rich  In  proleidnare  of  im)>ortAnce  in  jmtre- 

HloiCtion  in  the  intestine  follows  from  the  fact  that  piitrefaction  may 

IbIao  i;i)niinne  during  oompleto  fustin^.     From  the  obficrvationji  of 

VJITllek'  on  Onrj  it  was  found  that  the  elimination  of  imlinun 

during  starvution    rupidlv   decrensod  and   after  the  third  day  of 

starvation  it  had  entirely  disappeared,  while  tlio  phenol  elimimition, 

vrhich  ai  first  deoreosed  so  that  it  was  nearly  minimum,  iitcrcn^od 

Again  from  the  fifth  day  of  starvation  and  on  the  eighth  or  ninth 

day  it  was  three  to  seven  times  as  much  ug  in  man  nuiler  ordinary 

.  circnmstancce.    In  dogs,  on  the  contrary,  the  elimination  of  indioan 

loring  stHTTDtion  ts  considerable,  but  the  phenol  elimination  is. 

mm.     Among  the  secretions  which  umlergo  putrefaction  in 

>  Wi«D.  Siuui^nlMr.,  Bd.  ii. 
«L.c. 

*  RelWi-lir.  f.  phystol  i%em..  Bd.  13. 

*  Arcli.  f.  cip.  Path.  u.  Pl.anii.,  BJ.  28L 
»  Berlin,  klin.  Wocbenwlir. ,  1887.  So.  34, 
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the  intestine,  the  pimcreatic  juice,  which  putrefies  most  readily, 
takes  first  place.  Pisekti  '  found,  in  his  experiments  on  dogs,  that 
tlie  elimination  of  iudiuun  by  the  urine  greatly  diminished  after 
tying  the  pancreatic  ducts,  but  that  it  increaaed  again  when  the 
aninuil  was  given  pancreas  peptones  or  pancreatic  juice. 

PVom  the  foregoing  facts  we  conclude  that  the  products  formed 
by  the  putrefaction  in  the  intestine  are  in  part  the  same  as  tlioje 
formed  indigestion.  The  putrefaciiou  may  uu  oi'  l)enefit  to  the 
organism  so  far  as  tlie  forniutiou  of  such  products  as  albumoses, 
peptones,  and  jterhaps  also  certain  amido-acids  is  concerned.  On 
tlie  contrary,  the  formation  of  further  splitting  products  is  to  be 
considered  as  a  loss  of  Tiiluable  material,  and  it  is  therefore  im- 
portant that  putrefaction  in  the  intestine  is  kept  within  certain 
limits.  If  an  animal  is  killed  while  digestion  in  the  intestine  is 
going  on,  the  contents  of  the  small  intestine  give  oat  a  peculiar  bnt 
not  jiutresceut  odor.  Also  the  o<lor  of  the  contents  of  the  large 
intestine  is  fur  less  offenaive  than  a  putrefying  pancreas  infusion  or 
a  putrefying  mixturu  rich  in  protcid.  From  this  we  may  coiicluil* 
that  putrefiu:tion  in  the  intestine  is  ordinarily  not  nearly  as  iutense 
as  outside  of  the  organism. 

It  seems  thus  to  be  provided,  under  physiological  conditional 
that  putrefaction  shall  not  proceed  too  far,  and  the  factors  which 
here  come  under  consideration  are  probably  of  different  kinda. 
Absorption  is  undoubtedly  one  of  the  most  important  of  them,  and 
it  has  been  proved  by  actual  observation  that  the  putrefactio" 
incrciises,  as  a  rule,  as  the  absorption  is  cliecked  and  fluid  maasw 
accnmnlate  in  the  intestine.  The  character  of  the  food  also  has  au 
unmistakable  intUience,  and  it  seems  as  if  a  large  quantity  of  carbo- 
hydrates in  the  food  acts  against  putrefaction  (Hihschleh'). 

It  lias  been  shown  by  i'uiiL,  BiEiiXA(tKi,  Rovhjui,  Winteb- 
MT/,  and  8<.'iiMiTZ ''  that  milk  and  kcpliir  have  a  specially  6troo| 
])rcventive  action  on  putrefaction.  This  action,  according  ^ 
^^(:1IM1TZ,  is  not  due  to  the  casein,  but  chiefly  to  the  lactose  and  alM* 
in  part  to  tlie  lactic  acid. 

A  specially  strong  preventive  action  on  pntrefaction  has  been 

'  S««'  Malvs  .liihreslier..  Bd.  17,  B.  277. 

'  Zeitscbr.  f,  pliysiol.  Chem.,  B.l.  10,  S.  30fl. 

*  Ibid.,  IT,  B.  401,  wliicb.  gives  refereDces  to  tha  older  Utantan, 
Mtd  Bd.  19.  Soe  alio  Salkowsk),  Centralb).,  f.  d.  toed.  Wias.,  18M, 
8.467. 
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ascribed  lor  »  loug  time  to  the  bUo.  Thi«  uici-puu-id  uclioa  ia  not 
due  to  neutra]  or  fainLty  Nlkaliiiu  bile,  which  lineli  ciisily  piurelio^ 
bat  to  the  tree  bile-uciUit,  e^iwciaUy  taurocUolit:  aa'ui  (.Malt  and 
Ehidh/  l^isOBsmiKK*).  There  is  no  question  that  the  free  bile- 
achlii  hATe  a  strong  prPTc iiiive  iirtinn  on  pntrcfaciioii  out^tide  of  the 
organism,  und  it  is  therefore  diflicult  to  ileny  anch  au  uction  in  the 
tntesline.  Notwithstanding  thin  the  ttDti-pntr!(]  action  of  the  bile 
in  the  intestine  is  contmdicteil  hy  certain  inveatigators  (VoiT,' 
KuIIUAN'N  '). 

Biliiiry  fistnlte  Iiave  been  established  so  as  to  atndy  the  import- 
ance of  the  hilc  in  digestion  (Si-iiwann,"  Bi.oni»ix»t,'  IIiihiki;  and 
ScuMiOT,'  and  otherw).  As  a  result  it  hna  licen  olwerve*!  tliat  with 
fatty  fooda  an  imperfect  absorption  of  fat  regnlarly  takes  place,  and 
the  excrenientn contain,  thnrefore,  uii  oxRe.ta  nf  fat  iind  hare  a  light- 
gray  or  pale  color.  The  extent  of  deviation  from  tlie  normal  after 
the  operation  is  essentially  dependent  npon  the  character  of  tlie 
food.  Tf  an  animal  is  fed  on  mcjkt  and  fat,  then  the  rjimntity  of 
food  mnst  be  Ron.<iiderubly  increaaod  after  the  operation,  otherwise 
the  animal  will  become  rcry  thin,  utid  indeed  die  with  .<iyniptomH  of 
atarvation.  In  thwo  coapa  the  oxcromontti  have  the  odor  of  carrion, 
and  thiii  was  considered  a  proof  of  the  action  of  the  bile  in  cbeekiug 
putrefaction.  Tlie  emaeiation  and  the  Increased  want  of  food 
depend,  naturally,  n]>on  the  im[ierfert  absorption  of  the  fati.  whose 
high  culoritic  value  in  ruduced  and  miut  be  rej>laced  by  the  taking 
np  of  larger  quantities  of  other  nutritire  bodies.  If  the  qnaiitity 
of  proteida  and  fats  be  increased,  then  this  lajit,  urhicli  can  be  only 
rery  incoropletety  absorbed,  accnmnlattis  in  ttie  intestine.  This 
accumulation  of  the  fats  in  the  intestine  only  renders  the  action  of 
the  dtgeetirc  jiiioes  on  proteida  more  ditlicuU,  and  these  la^t  increase 
the  amount  of  pntrefaotion.  This  explains  the  appearance  of  fetid 
fnoos,  whose  pule  color  is  not  dne  to  a  tack  of  bile-pigment»,  bnt 
to  u  surptas  oC  fat  (Uohma.vs',  Vojt).  If  tJie  animal  is,  un  tlie 
oontnuy.  fed  on  meat  and  carboliydruteis,  it  may  I'emain  fjiiite 
DormalT  and  the  leading  off  of  the  bile  does  not  cause  any  increased 

'  MoDiMbafi  f.  Olicin.,  Hd.  4, 

*  Maly'B  Jahreebet.,  Btl.  14.  S.  B34. 

■  Bcitr.  a  Biok^     Jubilftumsaclirift,     StaUj^an,  1S83. 
«  Pfla^r'a  Arch.,  Bd.  89. 

*  MillvT'B  Arcli.  r.  Auat.  u.  Plij^io).,  1844. 

*  EsBSl  sur  lee  foortiatm  du  fuinnt  <U  ms  aiiiwzoH.    P&riK,  164& 

*  Oil  V«rdaaaBslBll/te  and  der  Stollwedifiel,  A.  0ti 
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putrefaction.  The  carbohydrateB  may  be  UDinterrnptedly  abeorbed 
in  sach  large  quantities  that  they  replace  the  fut  of  the  food,  aud. 
this  is  the  reason  wliy  the  animal  on  such  a  diet  does  not  becomo' 
emaciated.  As  with  this  diet  tlie  putrefaction  in  the  intestine  is 
no  greater  than  under  normal  conditions  even  though  the  bile  is- 
iibseiit,  it  would  seem  that  the  bile  in  the  intestine  exercises  no  pre- 
ventive action  on  putrefaction. 

We  muat  remember,  however,  that  the  presence  of  free  acids, 
counteracts  putrefaction,  and  further  that  the  carbohydrates  yield 
free  acids  by  acid  fermentation  within  the  intestine.  It  is  there- 
fore conceivable  that  to  the  carbohydrates,  which,  according  tO' 
HlRSCiiLER,  are  capable  of  checking  pntrefaction  without  entering" 
into  an  acid  fermentation,  the  antiseptic  action  of  the  bile  is  due. 
It  cannot  be  denied  that  the  bile  under  ordinary  conditions,  with  a 
mixed  diet  deticicnt  in  carbohydrates,  has  a  preventive  action  on  the 
putrefaction  in  the  intestine.  LiMitorRG  '  has  shown  that  it  acts 
in  an  antiseptic  sense,  so  that  the  destruction  of  the  proteids,  giving 
rise  to  simpler  products  less  valuable,  or  perhaps  even  injurious,  in 
the  organism,  is  checked. 

Although  the  question  how  the  pntrefactive  processes  in  the 
intestine  under  physiological  conditions  are  kept  within  certain 
limiti?  cannot  be  answered  positively,  still  it  may  be  asserted  that 
the  acid  reaction  of  tlie  upper  parts  of  the  intestine  and  the  absorp- 
tion of  water  in  the  lower  parts  are  important  factors. 

That  the  acid  reaction  in  the  intestine  hjis  a  preventive  influence 
on  the  putrefactive  processes  follows  from  the  existing  relation 
between  the  degree  of  acidity  of  the  gastric  juice  and  the  putrefac- 
tion ill  the  intestine.  After  the  investigations  and  observations  of 
Kast,  Stadklmasn,  Waskitzki,  ISTKiixACKi,  and  Mesteu  had 
proven  that  an  increased  putrefaction  in  the  intestine  occorred 
when  tlie  quantity  of  hydrochloric  acid  in  the  gastric  juice  was 
diminished  or  deficient,  Scmmitz  '  hits  lately  shown  in  man  that  on 
the  administration  of  liydroohloric  acid,  producing  a  hyperacidity 
of  the  gastric  juice,  the  putrefaction  in  the  intestine  may  be 
cliecked. 

Excrements.  It  is  evident  that  the  residue  wliich  remaiuB  after 
completed  digestion  and  absorption  in  the  intestine  must  be  differ- 
ent, both  qualitatively  and  quantitatively,  according  to  the  variety 

>  Zaitschr.  f.  pli^Biol.  Chem.,  Bd.  13. 

*  IIM.,  Bd.  18.  S.  401.  whleh  includes  all  tbe  pertin«Dt  literature. 
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ftUii  quantity  of  the  food.  In  man  the  (]naiitity  of  excrement  f  min 
a  mixed  diet  is  120-150  grmg,,  with  :iO-;j?  grms.  solids,  per  "i^ 
houni,  vbils  tlie  quantity  from  a  Tegetnhle  diet,  according  to  Voir,' 
was  333  gnuB.,  with  75  gmi8.  solids.  With  a  strictly  uieat  diet  the 
excrements  are  scanty,  pitch-like,  aud  colored  uwirly  black  by 
hematin  and  iron  sulphide.  The  ecauty  exci-euientd  io  starvation 
hare  a  similar  appeanince.  A  large  <|uautily  uf  uoarae  bread  yields 
a  great  amount  of  light-colored  excrement.  If  there  is  a  largo  pt-o- 
portion  of  fat,  it  takes  a  lighter,  clayey  apjieurance.  The  deconi- 
poeition  products  of  the  bile-pig uients  seem  to  pLay  only  a  auiall  ytart 
In  the  Doniial  color  of  tlie  fiecen. 

The  coostitiimiUi  of  the  fntuet;  are  of  ditTereiit  kinds.  Wo  tinj 
in  the  excreuiontA  digeetihle  or  absorbuble  coiigtitucnt^  of  the  food, 
such  aa  muscle-Ubres,  connective  tieeuee,  lumpB  of  casein,  graiua  of 
atarch,  and  fat  which  liavo  not  hod  eutlicieut  time  to  bo  completely 
digested  or  absorbed  iu  the  intestinal  tract.  In  addition  the  excre- 
ments contain  indigoetible  bodies,  euch  &£  remains  of  plants,  keratin 
snbetances,  uucleiu,  and  others;  also  form-elements  origioating 
from  the  mucoiis  coat  and  the  glands;  constituents  of  the  different 
secrolions,  such  &&  mucin,  cholalic  acid,  dyslysiu,  ivud  cholestoriu; 
minenil  liodics  of  the  food  and  the  secretions;  and,  lastly,  products 
of  imtrefivctioii  or  of  the  digestion,  such  m  skatol,  iudol,  volatile 
fatty  acids,  lime,  and  magnesia  soaps.  Occ|ieioiJuiIy,  also,  panifiites 
of  different  kinds  occur;  and  lastly,  tho  excrements  contain  niicro- 
orgautsnu,  fnngi  of  different  kinds,  somotimcs  in  such  large 
quantities  that  the  chief  masft  of  the  excrements  seems  to  consist  of 
mlcro-oi^anisms  (v.  .Iakscii*). 

Thai  the  mucous  membrane  of  the  inteBtine  by  its  socretion 
and  by  the  abundant  quantity  of  detached  epithelium  contribiitea. 
eeaentially  to  the  formation  of  excrement  follows  from  the  obwrva- 
tions  first  mode  by  L.  Hkhmann,'  n-ho  ecpamtcd  a  loop  of  intefttine, 
washed  it  clean  and  nnited  the  two  cnde,  forming  a  ring,  and 
restored  the  continuity  of  the  remainder  of  the  intestine.  He 
found  in  a  few  days  a  maas  rescmbUug  taxes  which  he  called  "  ring 
fa>ce«.*' 

<  Zeiiacbr.  t.  Biato^o.  Bd.  35.  S.  384. 

•  KlinUrLe  Du^rwtik,  3  Aufl.  6.  303. 

*  PflQK'^r's  Arcli..  ltd.  46.  8«o  abo  Khr^nthal,  i&t«f.,  Bd.  46;  Bc<m«ieiii, 
Una  .  Bd.  58;  Klerkl,  C«Dtr*lbl.  t.  Pli/aiul  .  1898.  S.  7Sfl.  xml  V.  Voit,  ZeJiM-br. 
f.  Bbtocte.  Ikl.  39. 
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The  rcflctioD  of  the  excremenu  is  rery  chAn^wble.  It  U  ofteo 
Mid  in  the  inner  part,  vhite  the  oater  Uvere  in  contact  with  Uie 
macoos  coat  bare  an  alkaline  r<«ction.  In  nnrsing  infetnu  it  ii 
liabitiiaUj  acid  (W Eos'. hewer').  The  odor  is  perhaps  chiefljdoe 
to  Bkatol,  which  was  fint  foantl  in  the  excremenu  by  Bbieokb,  and 
to  Danied  bj  him.  InUt^  and  other  sabetancea  also  take  part  in  the 
|iroiloction  of  odor.  The  color  is  ordinarily  light  or  dark  brown, 
and  depends  ahoTO  all  npon  the  nature  of  the  food.  Medicinal 
Ixxlies  may  give  tlie  fscea  an  abnormal  color.  The  excremepts  are 
oolorvd  black  by  iron  and  biamnth.  yellow  by  rhubarb,  and  green 
hy  calomel.  This  last-mentioned  color  waa  formerly  accoanted  fw 
by  the  fonnation  of  a  little  mercury  Fmlphide,  hut  now  it  is  said 
that  calomd  clie'rka  the  pntrefaction  anil  tlie  decomposition  of  ihe 
bilo-pigments,  ao  that  a  part  of  the  bile-pigmenta  paaa  into  tlte 
faces  as  bilirerdin.  According  to  LE»A<iR*  a  green  ctilor  of  tha 
excrenieot*  in  children  is  caused  partly  bj  bilivenlin  and  partly  by 
a  jrigment  prodaced  from  a  bacillns.  In  the  yolk-yellow  or  green- 
igh-yellow  e-tcronienta  of  noning  infante  we  can  detect  bilimbin. 
Xcither  bilirubin  nor  bilirerdin  eeems  to  exist  in  the  excrements  of 
mature  pemous  nnder  normal  conditions.  On  the  contrary,  we  find 
KTBitcoHiUK  (M^srL's  and  Vaklaik),  which,  according  to  certain 
inrestigatora,  i^  identical  with  hydrobilirabin  (Maly),  which  ia 
obtained  from  bOimbin  by  a  rednction  process,  and  urobilin 
(.Tapfe) — a  Tiew  ixnitested  by  MacMi'XK.'  Bilirubin  may  ocoor 
ill  jialhological  coses  in  the  fsces  of  mature  pereouB.  It  has  been 
ubscnred  in  a  crystallized  state  (as  luematoidin)  in  the  fasces  of 
children  as  well  as  of  grown  persons  (UpyELMAXS,*  v.  Jaesch  '). 

The  absence  of  bile  (acholic  taotxi)  causes  the  excrements  to 
haTe,  aa  above  etated,  a  gray  color,  due  to  lai^  quantities  of  fat; 
this  may,  howerer,  be  partly  attributed  to  the  absenoe  of  bile-pjg- 
Bienta.  In  these  cases  a  large  quantity  of  crystals  has  been  obasnred 
^(ieriifARryr.  v.  Jakbcu)  which  consist  chiefly  of  magnesia  eoapa 
(Okstkih-ks)  or  sodium  soaps  (Stadelmakn*).  Ilemorrhage  in 
the  upper  parte  of  the  digestiTe  tract  yields,  when  it  is  not  rery 
abandant,  a  dark-brown  excremeut,  due  to  liaematin. 

■  ttM)  )lslr'A  JsLmber..  Bd.  «,  a  4S2. 

*  rut.,   ill.  18.  S.  SM. 

•Sf<«  CUajiUfr  V][I.  on  ilir  bite,  p.  284. 

•  l>«ito.'fa.  Arrli.  f  klid.  M«L,  Bd.  M 
»  Klluitoli.  hwitDn«tik.  4.  AuB..  .'i.  278. 
'  In  rf^nl  to  fu  ctysi*U  Id  tli«  (nc«  s««  t.  Jakscb,  I.  c.  p.  374. 
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ExcRBTiN,  SO  uaied  by  Marcbt.'  In  »  eTyauiIliiie  body  occurring  in  hLimu 
QlCTcingnt.  but  ivbiclt,  Auurdlii);  U>  HoprK'SETl.KU,  U  pi;rlin[ui  only  impur* 
cliulosteria.  lixrRKToi-M;  Anu  li  tbv  uBuwgiv«n  by  MAnrsTl';  sa  vUy  body 
Willi  an  eicremontUinus  odnr. 

In  coositlemtion  of  the  Terv  rariable  conipoftitioD  of  excrements 
their  qu&utitAtive  analyseH  are  of  tittle  raltie  and  Uierefore  n-ill  be 
«miltcil. 

Meconiam  is  n  dark  brownioh-green,  pitchy,  mostly  acid  mta» 
without  atty  Rtrong  odor.  It  contain»  green ish-coloreil  epttheliooi 
oell^  cell-detrituit,  numeront)  fat-globnles,  and  cholanterin  plates. 
Tlie  amonnt  of  water  and  iolids  ia  respectively  TSit-HDy  and  a>iu-'^l>0 
p.  m.  Among  Lbe  soUds  we  find  mucin,  bile-pigments  and  bile- 
acidi,  olioleaterin,  fats,  soape,  calcium  and  magnesium  phosphates. 
Sugar  and  lactic  acid,  albuminous  bodies  (?)  and  peptones,  also 
lenciti  and  tyrosin  and  the  otber  products  of  putrefaction  occurring 
in  the  intestine,  are  absent.  Meconium  may  contain  undecomposed 
tanrocholic  acid,  bilirubin  and  bilivenlin,  but  it  does  not  contain 
any  hydrobilirubin,  which  is  considered  as  proof  of  the  non-exist- 
«noe  of  piitrefactive  procewett  in  the  digestive  tract  of  tbc  foittia. 

In  modico-legal  cases  it  is  aometimes  ueceasary  to  decide  whether 
-Spots  on  linen  or  other  eubstanceji  are  cansed  by  meconium.  lu 
aach  cases  we  have  the  following  conditions:  The  spot  caused  by 
meconium  has  a  brownish -green  color  and  can  be  easily  aeporated 
from  the  material  becanse,  on  account  of  the  ropy  property  of  the 
meconium,  it  is  diSlbnk  to  wot  through.  When  moistened  with 
water  it  does  not  develop  any  special  odor,  but  on  warming  with 
dilnte  sutphnric  acid  it  has  a  somewhat  fcttd  odor.  It  forms  with 
wat«r  a  slimy,  j^eenidh-yellow  ]ii|nid  containing  brown  llake^.  The 
solution  gJvvts  with  au  excels  of  acetic  acid  an  iusolublu  precipitate 
of  mucin;  on  boiling  it  does  not  coagulate.  The  filtered,  watery 
extract  gives  PeUKLiN's,  hut  still  better  Uiii'i-eht's,  reaction  for 
bile-pigments.    The  li<iiiid  precipitated  by  an  excess  of  milk  of  lime 

f'res  a  nearly  colorless  filtrate,  which  after  concentration  givee 
srrBSEOPBR'8  reiictiou. 

The  contents  of  the  intextine  und*r  ahnommt  canditifinx  are 
perhaps  loss  the  subject  of  chemiool  analysis  than  of  an  inspection 
or  mioroeoopioal  investigation.  On  this  aocoant  the  question  as  to 
the  prapcrties  of  the  contents  of  the  intestine  in  different  diseases 
eannot  be  thoroughly  treated  here.  The  question  aa  to  the  different 
prouiau  which,  so  for  as  they  ore  dependent  on  socretion  and 
absorption,  canse  an  abnormal  consistency,  a  thinning  of  the  excre- 

'  Aooal.  de  cLioi.  ct  do  pliy«.,  Tom»  69 
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nieuts,  poKeoMBft  certaiu  interest.  Stich  excreraenta  maj  in  [utI 
be  produoed  by  arrested  abMrptiou  of  li()\>UI  frooi  tlie  iDteetinelor 
Bome  reason  or  other,  and  in  jmrt  mused  by  an  increased  eeoreUoD 
or  a  truniiuilatiou  of  liquids  into  the  iutestme. 

A  diniiuislied  absorptiou  (of  water)  may  be  caased  by  a  nwm 
active  mcvemeiit  of  the  iutesiiiie,  which  caucus  their  conteutB  U 
pass  qaickly,  and  in  tills  way  the  action  of  laxatives  is  oft«i  ex- 
plained. A  diniiuifihed  ubsorptlou  uinv  idi^o  be  due  to  a  decroncd 
aottvity  of  the  ubsorbiug  v-^Xh.  In  abt^orptiou,  wliich  ts  general]; 
accepted  to-day,  the  cetU  of  the  mucouit  coat  take  an  active  pirt, 
and  anything  which  acta  distiirbrngty  on  the  prutopLasm  of  theM 
oella  inuKt  also  oxercifie  an  influence  on  tKi<  abs4)ri)tiaii.  Tliis  oon- 
dition  with  regard  to  the  action  of  laxativoa  has  been  especially 
noted  by  IIoppk-Skylek.'  According  to  liim,  it  is  also  probablsj 
tliat  Btieh  laxatives,  of  which  only  traces  am  re<|itired  for  abaorp- 
tiou,  by  a  direct  action  on  the  intestinal  opitholium — vhetber  Hid 
abncrplinn  U  mode  iwotg  difficult,  or  &  transiidutiou  made  possible, 
or  wbcthur  the  action  o£  these  two  is  Biiiiultanooaa — caose  watery 
evacuations.  According  to  Ruuua>'n,*  concentrated  salt  solntions 
act  by  a  decreased  absorption  ai-'tlvity. 

A  tliin  ovaenation  nmy  he  produced  by  an  Increased  elimlnatJoa 
of  fluid  into  the  intestine,  and  there  are  many  investigatore  who 
oonalder  it  positively  proved  that  a  transudation  of  liquid  into  tha^ 
intestine  is  caused  by  the  action  of  saline  liLxativos.  V 

The  character  of  the  intestinal  epithelium  is  nndonbtedly  an 
important  factor  in  the  production  of  such  a  tmnsadation,  and 
when  this  is  caDseil  by  the  saline  laxatives  it  probably  is  prodnoed 
by  action  on  the  epithelium.  We  mnst  admit  with  liorrB-SRTLBK 
and  other  Invcstigutors  that  the  most  important  regulator  of  the 
flow  of  liquid  through  the  intestinal  tnncons  membrane  is  the  Jntet- 
tlnal  epithelinm.  It  is  the  epithelium  which  renders  possible  the 
etronm  of  fluid  contrary  to  the  laws  of  OHmosJs,  and  which  under 
normal  conditions  prevenia  a  tranandaiion  into  the  intcaUne. 
Bodies  which  affect  the  epithelium  may  therefore  cause  a  trunsudft- 
ution,  and  this  i.'i  fouml  to  be  especially  abundant  after  ejection  of 
ike  intestinal  epithelium.  The  most  striking  example  of  tliis  is 
obmrved  in  .\iiiatic  cholera,  in  which  the  epithelinm  is  laf^ly 
expelled  and  an  extraordinarily  abundant  transudation  takce  place.. 

■  I'hjrsiol.  tniom..  S.  S5S  *nd  Ml. 
*  PfiQ{{«r'H  Arcb..  Bd.  41. 
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Appendix. 

Intettina]  CoDcrements. 

Calcnli  occnr  very  sehlom  in  hnnittn  inteatine  or  in  the  intestine 
of  camJTora,  but  ihey  are  quite  wnntnon  in  herbirora.  Foreign 
bodies  or  andigeeteil  reBiclnes  of  food  may,  wlien  for  some  reuaon  or 
otlior  they  are  retoinod  in  the  intestine  for  aomc  time,  become 
incrustcd  with  salts,  Cdpecittlly  lunmoninm-raagnesintn  phosphnte  or 
msgneeinm  phoqthnte,  unil  theHe  iwlt«t  form  usnally  the  chief  con- 
stitnent  of  the  concrementri.  In  man  tht-y  are  aomotimea  oral  or 
ronud,  yellow,  yellowish  grHy,  or  brownish  Rrny,  of  variable  nixe, 
consisting  of  concentric  layoi-s  and  oontaimnjt  chiefly  ammoninm- 
mapnc«inni  phosphate,  ealoinni  phosphate,  besides  a  sniiUl  quantity 
of  fat  or  pigment.  The  nuclpus  ordinarily  ronHJBta  of  flome  foreign 
boily,  snch  aa  the  Atone  of  a  f  ruic,  a  fragment  of  hone,  or  something 
niniilar.  In  thoae  countries  where  brt««l  made  from  oat-bran  in  an 
important  food,  we  oft«n  find  in  tbo  largo  intostine  bulla  similar  to 
the  lo-callcd  Uair-boIU  (see  below).  Snch  ualcnli  contain  calcinm 
and  magncsinm  phosphate  (about  70^),  oat-bnin  (15-18^),  soaps 
Aod  fat  (nbont  10#).  Concretions  which  contain  very  ranch  (about 
744)  fat  seldom,  occnr  and  those  consisting  of  fibrin  clots,  sinews, 
or  pieces  of  meat  incriiatod  with  phosphates  are  nlso  rare. 

Iiitesiiual  calcnli  often  occnr  in  animals,  especially  in  hontea  fed 
on  bmn.  Those  calcnli,  which  attain  a  very  large  size,  are  hard 
und  hcary  (as  much  as  8  kiloa)  and  ooUBist  in  ^rcat  part  of  concen- 
iric  layers  of  ammonlum-magneeium  phosphate.  Another  rariety 
of  concremcnts  which  occurs  in  liorsea  and  cattle  consists  of  gray- 
colored,  often  very  large,  bnt  relatively  light  stones  which  contain 
plant  residues  and  ettrthy  phosphates.  Stones  of  a  third  variety 
are  sometimes  cylindrical,  somettmeB  spherical,  smooth,  shining, 
brownish  on  the  surface,  coneisting  of  matted  hnira  and  plant-fibres, 
and  tenned  hair-halls.  The  so-called  "  ,«baohopila,"  which 
probably  originate  from  the  AKTiTiOPL's  RrpicAPRA,  belong  to  this 
groop,  and  are  generally  connidered  as  nothing  else  than  the  hair- 
batU  of  ciittle. 

The  so-called  orimtnl  hszoar-aione  belongs  also  to  the  intestinal 
concremeut«,  and  probably  origiiiatcii  from  the  intestinal  tract  of 
the  'Ai-RA  jiv'i.\fiRrs  and  as-tilopk  i)oitrAa.  We  may  have  two 
TaHeties  of  bezoar-etone«.     One   is   oliro-green,  faintly   shining, 
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formed  of  ronc*Titric  layers.  On  heating  it  melts  with  the  dereiep- 
meut  of  an  aromatic  odor.  It  containn  as  chief  constitnent  litud- 
FELUC  acid,  C„n„0,,  which  is  related  to  cholalic  acids,  andb«id« 
thia  a  bile-acid,  lithobii.ic  aciu.  Tlie  others  are  nearly  blaclii 
browu  or  diwli  greeu,  ^^vy  glowy,  coDsisting  of  conceotric  laTcn, 
and  do  not  melt  oa  hc«tiug.  They  coutHln  ae  chief  coustitaeot 
ILLAOIC  ACii>,  a  derivative  of  tannic  acid,  of  the  formnla  C„II,Cl,, 
which  gives  a  deep  blue  color  witli  an  alcoholic  solution  of  ferrie 
chloride.  This  last-mentioned  be^onr-atone  origiaatw,  to  >U 
appearanoee,  from  the  food  of  the  animal. 

A-fni/trgria  U  e<^nBr&l^7  coosUered  aa  InteHtloal  coucremeut  of  tUe  \  _ 
whMe.       It-^  rlilof  cnnstiliii^ni  ih  AHllFtAl.N.  ivliitrlj  is  a  non-niirof^iiooa 
stuic«  pertiapK  rt-lnt^rl  tocliolttiitrrin,      AmliTntD  is  insolulil*  in  water  Kod 
aot  diwij^Dil  liy  bglliajf  alkiilivf.     It  (lis»>lvi-B  iu  aicohol,  uihir.  aad  oUa. 


^ 


TI.  Absorptiou. 

The  problem  of  digestion  consieta  in  part  in  Bcparatiii|f 
Taliiable  ron?tiCtietit3  of  b)ie  food  from  the  UBeless  constituents  and 
to  dissolTo  or  trausforrn  these  Or&t  int«  forms  whioh  ore  nooanarj 
ja  the  processes  uf  absorption.  In  diacnssing  the  absorpiioa 
proceseeti  we  ninut  treat  of  tfie  form  irito  wliich  the  different  foocU 
arc  transformed  before  absorption,  of  the  maimer  in  wliich  this  ii 
accomplished,  and,  lastly,  of  the  forces  which  act  in  thoao  prnnmaw 

Peptone  is  the  final  product  of  the  riiKOStion  of  iilbiiminooi 
bodies.     Now  as  peptone  m  a  very  anlnbie  tttid  a  relutively  oasilj 
diffut!iil>le  modification  of  pruteiihi,  it  is  not  dilHonlt  to  ailmit  the 
dednction  rhat  prcttoidH  inii8t  Imb  ohanj^d  into  [teptone  in  order  thakS 
it  may  he  readily  alirinrbed.     Certain  obeervation^  of  FrxK^s'  ovH 
animals  confirm  this  view.     He  fonnd  in  an  untied  intestinal  knot 
of  a  living  animal  tbar  thf^  pnptritie  (in  the  old  sense  of  the  word) 
was  ah9orl)ed  considerably  fastor  than  other  proteida.     There  is  alfl^^ 
no  donbt  that  a  part  of  the  proteids  ia  inrarinbly  abaorbed  from  li^| 
intestinal  canal  ts  peptonen,  or  more  rorrefttly  p<irhnps  as  albiimow^^ 
and  peptones.     Hot  it  ha*  been  po.'ritirely  settled  by  the  inTosti| 
tions  of  BrCckr,*  Baubh  and  Voit,'  EirnnoHar,'  Ckernt  at 
LATseaKKHEROER,*  that  non -peptonized  proteida,  caaein,  myo 

•  Sm  KOline'!!  Ijcbrb.  A.  pUvsLoI.  Cbein.,  B.  14ft. 

•  Wion.  SilxitugNlM-r..  B<1.1.  87  aud  69. 

•  ZnitBcbr  f.  BioIoKi*-.  Bd.  «. 
*PflQ^«r'M  Arcb..  Bd.  4. 
'Tircbaw'sArcli.,  Dd.  50. 
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and  alkali  albnminates  are  absorbed  from  the  intesline — »  matter 
which  is  of  practical  iniportanco  eftpecially  with  regard  to  the 
nntritiTe  clysters.  If  the  jirotcids  can  ho  absorbed  |mrtly  as  such 
and  i»rtly  as  peptone  or  albumoses,  tbdn  the  question  arises,  tiow 
miich  more  can  it  1>e  alisorbed  m  one  form  than  in  the  other? 

Thi))  (juestioti  cannot  b»  decisively  answered.  Several  investiga- 
tions have  been  ma^le  on  this  subject,  but  U  U  hardly  possible  to 
drav  any  positive  conclusion  from  them.  In  feeding  experiments 
on  piga  KLi.F.S'BF.RnF.u  »nd  1Iofmki»tkii  '  found  that  meat  wim  only 
slowly  digested  and  the  qoantity  of  albnmone^  and  ]>eptone8  in  the 
intestinal  canal  woa  always  very  Rmull.  Kwai.i>  and  (IrMi.irn' 
have  obtained  the  same  reenlts  in  regard  to  the  quantity  of  pej^tone 
in  normal  human  stomaoha  af(«r  ]mrtakiug  of  meat.  Although  the 
albnmosee  and  peptones  are  rather  readily  (i;)erhap!J  more  readily 
than  other  jiroteidb)  absorbed,  xtill  it  is  cltjai*  that  no  poxitiye  vod- 
olnsion  can  be  drawn  as  to  the  abuudaiice  of  peptoue-formatiou 
from  the  small  qnautitiee  of  albumotsee  or  peptones  found  in  a 
certain  portion  of  the  intoptinu.  The  iiivwitigiitioiiB  of  8ctiimii>t- 
MCi.HEnc'  of  the  contents  of  the  stomach  and  intestine  of  do^ 
who  were  killed  at  vurioua  timett  after  a  nieul  of  Iwiled  mt-at  show 
that  the  quantity  uf  peptone  in  the  intestinal  canal  is  con.-^lderably 
larger  than  the  quantity  of  simply  dissolved  proteids,  and  this  iiwems 
to  iudioat«  tliat  in  the&e  uusets  the  greatest  part  of  the  proteids  is 
ab(K)rb«d  a«  peptones  (or  nlbumosee). 

In  what  way  are  the  albumoae^t  mid  peptones  absorbed,  and  how 
are  they  comreyed  to  the  tisauesV  Ll'imvio  and  ScimiUT-MuL- 
HEiu*  tied  the  jugular  and  humeral  arteries  and  lymphatio  vessels 
of  both  sides  of  a  di^,  cortkpletely  onttiiig  off  the  chyle  from  th» 
blood  circiitatiou,  lu  ehowu  later  on  di:<8octiouj  They  found  that 
the  absorption  from  the  intciitinc  hereby  was  not  impaired,  and  it  fol- 
lovs  from  this  that  the  protcids  do  not  reach  the  blood  through  the 
lyoiplmtic  vessels,  but  through  the  walla  of  the  intesLinnl  opithelinni. 
The  observations  of  Mu.nk  and  Kosknstkin  '  on  a  patient  with  a 
lymphatic  fistula  have  led  to  the  same  conception.  Thoy  obBorvcd 
that  the  qaantity  of  proteid  in  the  chyle  did  not  materially  increase 
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after  a  meat  rich  in  proteids.  Neither  albuniMCE  nor  peptones  are 
fouiiJ  m  the  obyle  after  a  meal  rich  in  proteids.  Ab  the  peptunL*^ 
(albumoaea  inotnded)  do  not  pass  in  to  tho  lymph,  it  is  to  be  expected 
tlmt  peptones  may  bo  found  in  the  blood  dnnng  or  after  digestion. 
This  is  not  tho  ease.  Scuun)T-Jl("i.iii:iM  '  and  Hoi'iiEESTKit'  only 
Found  traces  of  ]ieptone  in  the  senim  or  blood,  and  according  to 
Nkumkistku'  not  even  traces  ciiat  in  the  blood. 

What  boconica  of  the  peptone  al)3orbed  from  tho  int«8tiiie  ?  If 
peptone  is  introdaced  into  the  circulating  blood  it  is  ijuicklj 
eliminated  from  the  blood  by  meatie  of  the  urine  (I'L6!^z  and 
<fYF.[tciTA[,*  HufMKisTKK/SciiMiOT-MCi.HF.iii*).  Tlic  sauie  takofi 
place  on  the  subctitaneotis  injection  of  peptone.  Normal  urine  does 
not  contain  any  peptone,  anil  tho  abecnce  of  this  body  iu  the  hlood 
after  digestion  cannot  be  explained  by  the  Btut«ment  that  an  elimi- 
nation of  tliiij  peptone  takes  place  through  the  kidncyn.  .\s  ihu 
peptone  intro<lticei]  in  the  blood  \^  <|uickly  eliminated  through  the 
kidneys,  while  that  formed  in  the  inteatirie  doc^  not  \m6a  into  the 
urine,  we  can  perhapft  consider  that  tbin  peptone  is  retained 
normally  by  the  liver  and  is  conHumed,  and  only  that  jieptouc  vhich 
fintb  it^  way  int>')  the  cirt^iilatirig  blood  by  evasion  from  this  organ 
passes  into  the  urine.  This  srippoidtion,  however,  is  untenable. 
Nei'mki^tbr'  hiui  investigated  the  portal  blood  of  rabbits  in  whose 
Btomachs  large  r|uantities  of  atbuniosee  and  peptones  had  been 
introduced,  and  found  therein  only  traces  of  the  l)ody  in  question. 
He  has  also  «hown  that  when  we  supply  tho  liver  of  a  dog  with  the 
IiortaMdond  ]ieptone  (ampho-peptune),  this  is  not  retained  hy  the 
liver,  hilt  is  eliminated  with  the  urine.  SnoBR*  lias  arrived  at 
similar  reMilts  in  regard  to  the  importance  of  the  liver,  and  haealiio 
shown  that  the  npleen  cannot  transform  peptone.  Peptone  seems 
to  pans  neither  into  the  blood  nor  the  chylous  Teesels,  and  the 
following  observation  of   Lnnwic   and  Salvioli*  baata  out  this 
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asBumptiou.  These  inTestigators  introduced  a  peptone  solution 
into  a  double-ligatured,  isolated  piece  of  the  small  intestine,  which 
was  kept  alive  by  passing  defibrinated  blood  throngh  it  and  observed 
that  the  peptone  disappeared  from  the  intestine,  but  that  the  blood 
passing  throngli  did  not  contain  any  peptone. 

All  observations  indicate  that  the  albumoses  and  peptones  are 
transformed  in  some  way  in  the  intestine  or  intestinal  wall. 

Certain  investigators,  such  as  v.  Ott,'  Nadise  Popoff,*  and 
Julia  I^rixck  '  are  of  the  opinion  that  the  albumoseR  and  peptones 
of  gastric  digestion  are  transformed  into  seralbumin  before  they 
pass  into  the  walla  of  the  digestive  tract.  This  transformation  is 
brought  about  by  means  of  the  epithelium  cells,  as  also  by  the  living 
activity  of  a  fungus  called  by  Julia  Brinck  micrococcus  resti- 
iuens.     No  positive  proofs  have  been  presented  for  this  view. 

The  view  that  the  transformation  <A  the  albumoses  and  peptones 
takes  place  after  they  have  been  taken  up  by  the  mucous  membrane 
has  better  foundation.  The  above-mentioned  experiments  of 
LuDWia  and  Salveoli  confirm  this,  as  do  also  the  observations  of 
IIoFMEiSTER ' — according  to  whom  the  walls  of  the  stomach  and  the 
intestine  are  the  only  parts  of  the  body  in  which  peptones  occnr 
constantly  during  digestion — that  peptone  (at  the  temperature  of 
the  body)  after  a  time  disappeared  from  the  excised  but  apparently 
still  living  mucous  coat  of  the  stomach.  Peptone  seems  to  undergo 
a  change  in  the  mucosa  of  the  digestive  canal. 

If,  then,  peptone  already  disappears  in  the  mucous  coat,  or  at 
least  in  the  walls  of  the  digestive  tract,  the  question  naturally 
arises,  what  becomes  of  the  peptone  in  the  mucous  membrane  ? 
The  experiments  of  Maly,'  Pl6sz  and  Gyeroyai,'  Adamkiewicz,' 
ZuNTZ,' and  Pollitzer*  have  established  that  the  albumoses  and 
peptones  may  be  substituted  for  proteid  in  the  food,  and  may  also 
be  converted  into  ordinary  proteid.     We  must  then  assume  that 
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peplone  is  already  converted  into  prot«id  in  the  mucous  membr&ue 
of  the  digestive  canal. 

vVccording  to  Uukukjhtek  '  a  considerable  iocrease  of  leucocrtes 
occnrs  in  the  adenoid  tissncs  during  digestiou,  an  observation  which 
t8  in  close  acconi  with  that  of  Pom.,*  who  found  that  in  dogs  aft«r 
an  albuminous  diet  the  Tcnoiis  blood  of  tlie  intestine  contains  more 
leucocytes  than  the  arterial  blood.  According  to  IIofjieistee, 
leucocytca  play  an  important  part  in  the  absorption  and  assimilation 
of  the  peptones.  Thcr  may  take  up  the  peptones  and  be  the  means 
of  transporting  them  to  the  bloml,  and  secondly  by  their  growth, 
regeneration,  and  increase  may  stand  in  clo&e  relation  to  the  traus* 
formation  and  assimilation  of  the  peptones.  IlRiitEXifAiN,'  who 
considers  that  the  transformation  of  peptone  into  proteid  in  the 
mucons  membrane  is  positively  settled,  does  not  attribute  so  great 
an  importance  to  theee  last  in  the  absorption  of  the  peptones  as 
TIoPMF.tSTEli,  chiefly  on  the  groniid  of  comparative  estimation  of 
the  qoantity  of  absorbed  peptones  otiil  leucocytes.  lie  considers  it 
most  probable  that  the  reconversion  of  the  peptones  into  proteid 
takes  place  in  the  epithelium  layers.  This  view  is  further  corrobo- 
rated by  the  investigations  of  8110U1;.' 

The  extent  of  the  prot«id  ab«orption  is  dependent  essentially 
upon  the  kind  of  food  introdaced,  since  as  a  rule  the  protein  snb- 
sLauces  from  an  animal  sonrce  are  much  more  completely  abaorbed 
than  from  a  vejfctable  source.  As  proof  of  this  we  give  the  follow- 
ing obsen'ationa:  In  bin  experiments  on  the  ntilization  of  certain 
foods  in  the  intestinal  canal  of  man  Uuunku  *  fonud  with  an  exclu- 
sive auimul  diet  on  partaking  of  an  average  of  7:iS-SiS'l  grais.  fried 
meat  or  948  grms.  eg^  per  day  that  the  nitrogen  deficit  with  the 
excrement  was  only  'l.5~l.H%  of  the  total  introduced  nitrogen. 
With  exclusive  milk  diet  the  re«nlts  were  somewhat  unfavorable, 
since  aft«r  iwrtakiog  of  4ID0  grms.  milk  the  nitrogen  deficit  rose 
indeed  to  V^4.  The  conditions  ore  quite  different  with  vegetable 
food,  as  shown  by  the  experiments  of  Mkvek,*  RrnxKR,'  Ul-lto&ek 
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d  Landerorex,'  vrho  made  Qxperlnientit  with  varioas  kinds  of 
■ye  bread  utid  fgiind  tbat  the  loss  of  uitrogeii  tliroitgli  the  faices 
louiiLed  ui  22-48^.    Kxperiniuiitti  with  othbr  vugntabic  food:^,  and 
the  investigations  of  Schustkh,*  Ckaubr,*  Mbimikt/  Moki,* 
ihors  00  the  utilizatioti  of  fuoila  with  mixed  diets,  hiive  led  to 
resulta.     ^Ul  through  we  »oe  thiit  the  loss  of  nitrogen  by  the 
^^.cretnent  iiicreuees  with  nn  Hhutulant  atnoimt  of  vegetable  food  in 
the  diet. 

The  reason  for  this  ia  mnuifold.     The  often  Inrgc  qtiautity  of 
Mllnlo&e  present  in  vegetable  foods  impedes  the  alKtorption  of  pro- 
ids.     The  stronger  irritation  produced    by    the    Tegetjible   food 
:lf  or  by  the  organic  iicids  foriuwl  in  tlio  fermentjition  in  the 
.intestimU  canal  causes  a  stronger  periHtaUiR  which  drives  the  con- 
nta  of  the  intestine  quicker  than  othcrwiRe  lUong  the  intestinal 
al.     Another  and  nioitt  importimt  reiuon  i.i  the  fact  that  a  part 
the  Tegetablc  protein  snhatances  tteemtt  to  l>e  indigestible. 
In  speaking  of  the  functions  of  the  Htomanh  we  stated  that  after 
khe  renioTuI  or  excision  of  this  organ  an  abundant  digention  and 
ibsorption  of  protcids  may  take  place.     It  is  therefore  of  interest 
learn  how  the  digestion  and  ah.'iorption  of  proteids  go  on  after 
«  extirpation  of  the  second  proteid-digesting  orgau,  the  pancreas. 
this  regard  Hikkowski  and  AnF.i,M>iyx*  found  after  the  total 
tirpatioii  of  the  punc^reait  of  dogs  that  the  iitilizatioti  of  the  pro- 
.teidit  wud  oit  an  average  44!(,  and  after  partial  extirpation  54^. 
iAKHMHTBu'  foand  in  dogs  after  the  extirjiatton  of  {  or  )  of  the 
[laud,  and  tearing  pieces  not  in  connection  with  the  intestine,  that 
e   ntilization  of  the  ])rotei<:L4  umounted    to  iVi-'iU't.     All   tliree 
Dvestlgators  found  that  on  the  addition  of  raw  ox-pancreiui  to  the 
6od  the  Qtilization  of  tho  proteids  was  edsentially  incrcaacd,  and  on 
ttte  addition  of   sulBcieut  finely   chopped   pancreas   Sakdmetbr 
[tbeervcd  even  a  proteid  absorption  whiab  did  nob  differ  much  from 
hat  of  a  normal  dog.     It  seems  that  the  destruvtive  action  of  the 
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gastric  jnioe  on  tbe  trypsin  does  not  assert  itself  under  tlieie 
circumstances,  or  oolr  to  a  slight  extent. 

Tbo  liurholivdruttifi  are,  H  eeeiiiH,  clueflj?  absorbed  as  monoeac- 
cbaridea.      Ciliicose,  liBTiiIoHe,  and  galat^toee  are  probably  absorbed 
OR  8ucli.    The  two  disaccharides,  caiiP-Hiigar  and  maltoee,  ordinarilj 
iiiidergn  an  iuvereion  iu  the  iutefliitiiii  tmct  and  are  convened  inw 
gluooee  and  IsBviitose.     Lactose,  according  to  Voir  and  LrsK/is 
line  inverted  and  iu  absorbed  as  n\<i\i  except  what  u  ndergoea  Uctic^- 
acid  feniientiitioii.     *]'be  iiulj-HHccbarides  are  also  filially  converted 
into  inotiosaochtiride)^,  alttmngli  in  certain  cases  an  absotptioa  ol 
dextrin  may  take  place.     Arcordinj,'  to  the  obBervations  of  Otto* 
and    V.    Mrrint.  '   the  portal   blood  rontaina  besides  dextroM    s 
dextrin-like  carbohydrate  after  a  carbohydrate  diet.     A  part  of  tli« 
carbohydrates  is  destroyed  hy  fermentation  in  the  intestine,  witii 
tbe  formation  of  lactic  and  acetic  acids. 

The  difTerent  rarioties  of  sngars  are  absorbed  with  TarriEr^ 
de|rrees  of  rapidity,  bnt  aa  a  general  thing  they  are  absorbed  ve  .^r? 
qaiekly.     With  expcrimciitB  on  dogs  AuinRTosi*  found  on  intr"""  <*" 
ducing  100  grma.  of  the  Bugar  that  during  the  first  honr  fiO  grtc^^*- 
dextrose  wore  absorbed,  maltose  and  canc-augar  TO-RO,  and  lactc^d* 
only  '^0-41)  grma.     lie  tnuU  th^it  lactose  is  relatively  more  read^^*^? 
absorbed  from  dilate  Nolntionii  than  from  concentrated  onee. 

On  the  introdnction  of  ntarch  even  in  Tery  conBiderablB  qnan~    — "" 
ties  into  the  intestinal  tract  no  doxtroM  paaawinto  the  iirme,  wbi'-^  -^^ 
probably  depends  in  this  caao  upon  the  abfiorption  and  aN«iniiUti»   -*<^ 
and  the  stow  Baccharifi cation  taking  place  at  the  lame  pac«.    If,*'      *"^ 
the  contrary,  large  r|nantities  are  introdnced  at  one  time,  then  c       *" 
elimination  of  sngar  hy  the  nriue  takes  place,  and  this  eltminati*'  -^^ 
of  angar  is  called  aUmtntary  (fhjcosuria.     In  these  caMfl  the  luuiii^^"' 
lation  of  tbe  ttngar  and  the  ubsurjition  do  not  take  place  at  tfa*  sai: — '^^* 
pace,  bence  the  liver  and  the  remaining  organt;  do  not  have  t^— ^ 
necesKiry  time  to  fix  and  ntJlize  tbe  sagar.     This  glycosuria  m-  ^ 
alsi>  in  part  be  due  to  tbe  fact  that  the  introduction  of  coniidenifc^— ^^ 
quantities  of  sugar  forces  the  sugar  iu  absorption  not  only  io  t=  ^ 
ordinary  way  through  tbe  blood-veeeels  to  the  liver  (see  below),  !»"' 

'  ZuiiSL-br.  f.  Biolofti*.  Bd.  at. 

•  CbriiUuiia  Vidniuik.  K«l«k*b«  Farii.,18ee.  No.  11.  aod  M^/b  Jahmbar. 
Bd.  17. 

■  Da  Bals-Rej-iDon<l'B  Arok.  1877. 

*  Maoicee  d*  m  eomporwr  din  sacres,  etc.    Arch.  iuL  de  Blot.,  Toow  iS. 


ABSOnPTJON  OF  CARB0BTJ>nATB8. 


333 


also  in  put  by  passing  into  the  blooil  circulation   throagh  tlie 
lymphatic  vessels,  erndiDg  tho  liver. 

That  qaantity  of  angar  to  which  we  must  miee  the  sngar  par- 
taken of  to  produce  RD  alimentary  glyoosnria  gives,  according  to 
IIoFilKlSTER,'   the  {lAsimiJaiion  limii  for  that  aame  sugar.     This 
limit  is  different  for  various  kinds  of  sugar;  and  it  also  varies  for 
the  same  sugur  not  only  in  dilTercnt  animals,  but  also  for  different 
members  of  iho  aame  kind,  as  also  for  the  same  individual  under 
different  circnmstiinoca.     In  genend  we  can  say  that  in  regard  to  tbe 
ordinary  TarieticB  of  sugar,  such  as  dextrose,  Isvnlose,  caue*sugur, 
maltose,  and  lactose,  the  assimilation  limit  is  highest  for  dextrose 
and  lowest  for  lactotie.     We  mast  admit  that  with  an  orerabuudant 
qasntity  of  sogars  in  the  intestinal  tract  the  disaccharides  do  not 
bave  Btiflicicut  time  for  their  complete  inversion;  hence  it  is  not 
D  fFiuarkable  that  dii!accharide8  have  been  found  in  the  urine  in  cases 
Lof  alimentary  glycosuria.' 

r  From  the  iuvegtigations  of  [junwir,  and  v.  MEiiisii*  and  others 
rwe  learn  in  regard  to  tbe  wny  in  -nrhich  the  sugars  pass  into  the 
pblood-fltreoni,  namely,  that  they  as  well  as  bodies  sninble  in  water 
do  uot  ordinarily  pass  ever  into  the  chylons  vessels  in  measuriible 
quantities,  bat  are  in  greatest  p»rt  taken  up  by  the  bloo<l  in  the 
cairilUtries  of  the  villi  and  in  this  way  pass  into  the  mass  of  the 
lilood.  These  invest ij^ations  have  been  coufirmod  by  observations 
of  1.  MrrsK  and  HoseXsteik'  oti  Imman  beings. 

The  reason  why  tbe  sugar  and  other  soluble  bodies  do  not  pass 
over  into  the  chylous  vessels  in  appreciable  quantity  is,  according 
%o  LlEinRxnAiK,*  to  be  found  in  Hie  anatomical  conditions,  in  the 
larmngenient  of  the  capillaries  close  nndertlie  layer  of  epithelium. 
Ordiuarily  these  capilhiries  find  the  necessary  time  for  tiie  taking 
up  of  the  water  and  tbe  solids  dissolved  in  it.  lint  when  a  large 
-quantity  of  liqaid,  such  as  a  sugar  solution,  is  introduced  into  the 
iDtestine  at  once,  this  is  not  possible,  and  in  tlieae  casus  a  part  of 
the  dissolved  bodies  passes  into  the  chylous  vessels  and  the  thoracic 
duct  (OixsHEBO  *  and  RoHXa^'X  '). 

■  Arch.  r.  eii>.  PBlh.  u.  Pliam..  IW<t.  85  iind  26, 

*  For  the  litcTKiure  m  rct{"'r<i  to  tbe  pafiskjtL-  at  vKrious  kindM  of  fingKrs  into 
the  urine H90  (.'.  Voit,  r«licr  (l)etJljko){enbiUlung,  ZeiUcbr,  f.  Biologie,  Bd.28. 

■  Da  BolB>Et«ymiHid'e  Aich. .  ltJ77. 
*L.c. 
'  ranger's  Areli.,  Bd.  49,  Suppl. 

•  Ibid..  Bd.  44. 
fiMtf..  Bd.41. 
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The  ill  trod  actio  II  of  larger  qiiantitiea  o£  sugar  ioto  the  mtathw 
at  one  time  can  readil;  cause  a  diEturbauco  wiLh  diarrhoeal  eracus- 
tioua  of  tlio  intestine.  If  the  carbohydrate  is  tDtroducod  in  ibe 
form  of  starch,  then  rer^v  large  qnaiititics  may  be  absorbed  withoui 
coaeing  any  disturbance  and  the  absorption  may  be  very  com- 
plete. RuBNiiK'  found  the  following:  On  partaking  5O8-6?0 
grms.  carbohydrate  m  wheat  bi-ead  per  day  the  port  not  afaaoriwj 
amoanted  to  only  0.if-2.C^.  For  jieaa,  where  ai57-588  grms.  ve« 
eaten,  the  Iobb  was  3.6-7^,  and  for  potatoes  (718  grmg.)  tSA. 
CoNBTANTiKiLn '  found  on  partaking  'iCu-MQ  grma.  carbohydrat*, 
chiefly  ae  potatoes,  a  Iob8  of  only  0.4—0.7^.  In  the  oxperimentti  ol 
Hi'BNJiu,'  as  alBo  of  IIl'lthrkn  and  LANUEKditKS,'  with  rya  lirewl 
the  utilization  of  carbohydrates  waa  less  complete,  althongh  the  loa 
in  a  few  caseB  ro^e  even  to  10.4-10.0,'(,  It  at  kaet  follows  from  tlie 
experiments  made  thus  fur  that  man  can  absorb  more  than  5O0 
grms.  carbohydrates  per  iHem  withoot  difBcnlty. 

We  generally  couBider  tlie  pancreas  ae  the  most  importanl 
organ  in  the  digestion  and  absorption  of  amylaceous  bodies,  and  it 
is  a  ([iientjon  how  ihoau  bodies  uro  absorbed  after  the  extirpatioAol 
the  pancreati.  Mikkowski  and  Aukluaxx' found  that  in  dogi 
after  total  extirpation  of  the  pancreas  only  57~7l<  of  the  amylacemi* 
bodies  were  absorbed.  In  the  experiments  of  the  brothen  Oavii- 
ZANNi '  only  47*  of  the  atartih  introdnc«l  was  used  by  the  animri 
irjth  the  pancreas  removed. 

EmnUification  seems  to  be  of  the  ^eatest  im|>ortanoe  in  Ui* 
absorption  of  fai'.e.  The  fats  may  be  at)6orbed  in  part  as  soapa,  bnt 
the  qtmntily  abHorbod  in  this  form  is  very  bqiuU  as  compared  to  tbit 
which  is  abnorhed  as  an  emulKinn.  The  emuleion  ia  undoabt«dly 
the  most  important  form  in  wliirh  fats  arc  ahsorbcd,  and  the  nentrtl 
fats  as  well  as  the  free  fatty  acids,  when  they  occnr  in  large  qiiu- 
tities  in  the  intestine,  form  an  emnlsion.  The  fatty  acids  are  net 
absorbed  as  such  or  as  soaps.  The  investigations  of  I.  Muxe,'  anJ 
later  confirmed  by  others,*  har^  shown  tliat  the  fatty  acid^  anderp} 

-     1 1.,  c.  and  Zciisobr.  f.  Biolagitt,  Bd.  19. 

•  ZelLHcbr.  (.  ninlo^la,  Bd.  2S. 

•  Ibid .  Bd.  15. 
•Nord.  mwl.  Arkiv_.  B<L  21. 
*!..  c.     $4w  Malt's  JsLr«aWr.,Bd.  20, 

•  CeotndW.  f-  Fiiysiol..  Bd.  7. 
'Vlrrfiow'n  Arch..  Bd.  90. 
*8mv.  Wftltfaor.  DuBois-RoTmoDd'B  Ateli..  1890.  uid  MinkowBki,  Ank. 

(  exp.  Path.  0.  Pbarai.,  Bd.  SI.  8.  873. 
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ID  great  port  a  eyntbcsis  iuto  neatnil  fats  io  the  vralls  of  tbo  iatea- 
tine  or,  accordiug  to  Walthbr,'  in  the  intestine,  and  carriol  as 
sucli  by  the  Btreiuii  of  clijlc  into  tlie  blood. 

Through  niinieront>  invcstigiitiona  ve  also  know  that  omoug 
all  the  nntritire  bodies  the  fats  arc  the  only  Bnbgtanou  that  nnder 
onlinary  conditions  jiasa  into  the  blood  through  tho  lymphatic 
vessels  and  tho  thoracic  duct.  It  does  not  follow  from  this  that 
alt  or  the  greater  part  of  the  fai  takes  this  conrac,  and  according 
to  the  experiments  of  v.  Waltrek  and  O.  Fkank*  tho  rorerse  ia 
tme,  namely,  only  a  rery  small  part  of  the  fat,  or  ut  louat  of  tbo 
fatty  acids  partaken  of,  pameH  into  the  oliylons  vcasels.  On  feeding 
4og8  with  fatty  acids  Walthrk  fonnd  that  in  the  conrge  of  several 
hoars  only  very  few  grammes  of  fat  were  carried  away  with  the 
lymph  current,  althongh  the  intestine  had  abwjrlied  4(»-fiO  grmn.  fat. 
Fhaxk  has  reached  a  similar  conchiHion,  aod  indeed  fonnd  that  by 
the  excision  of  the  thoracic  diict  an  absorption  of  fatty  acids  took 
place  to  a  conniderahle  extent.  Thcw  ohAervntionA  do  not  seem  to 
be  applicable  to  the  absorption  of  nentrul  fat.<i  or  of  the  ab3or])t)oa 
in  man  nnder  normal  conditions.  Mt:\K  and  UosBssTErs  in  their 
iuTOStlgations  on  a  girl  with  lympb  fistula  fonnd  00^  of  the  fat 
partaken  of  in  the  chyle,  and  of  the  total  quantity  of  fat  iu  the 
chyle  only  4-5<  existed  as  soaps.  On  feeding  with  a  foreign  fatty 
acid,  such  as  enicic  acid,  tliey  found  ^7^  of  the  introduced  body  as 
central  fat  in  the  chyle. 

The  completenesR  with  which  fats  are  absorbed  depends,  nnder 
normal  conditions,  essentially  upon  the  kind  of  fat.  In  this  regard 
we  know,  eBi>ecially  from  tbo  investigations  of  Mtnk*  and  Anx- 
BcniXK,'  that  the  varieties  of  fat  with  liigh  melting-iioint*.  sncli  &» 
mnttoQ  tallow  and  especially  stearin,  are  not  so  completely  absorbed 
as  the  fats  with  low  melting-points,  bucIi  as  hog-  luid  goose-fat.  olive- 
oil,  etc.  The  kind  of  fat  alM  has  au  influence  ui>on  the  rapidity  of 
absorption,  hs  Ml'NK  and  Ho^ENSTEiV  fonnd  that  solid  mntton- 
fat  was  absorbed  more  slowly  than  fluid  lipauin.  The  extent 
of  absorption  in  the  intestinal  tract  is  under  physiological  con- 
ditions very  considerable.  In  a  case  of  a  dog  investigated  by 
VoiT  *  he  found  that  out  of  350  grms.  of  fat  (batter)  partaken,  340 

>  Wdthor,  t.  c. 

*  Db  Bois-Baymond'a  Arch.,  1693. 

•  TiKbaw'fl  Anh..  BtU.  80  ud  8& 

*  Zeitoohr.  f.  Biologic,  Bd.  98. 

•  Md..  Bd.  9. 
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g;rins.  weru  absorbcO  in  the  inteHtitial  canal,  and  according  to  the 
iuvQBCigaLiom  of  Uchnkk'  rlie  hiinmu  iuuititinu  can  nivturbover  300 
grms.  fill  jic-r  diuiii.  The  faie  ure,  Huwnliiig  to  Hi:bNiiH,  mndi 
Diore  coniplet'ely  absorbed  whuiii  free,  in  the  form  of  bntter  or  lud, 
tliati  when  enclosed  in  the  cell-membruDes,  us  in  bacon. 

The  bilo  as  weiII  as  tlie  puncreae  is  of  the  greatest  importanoa 
in  the  abfiorption  of  fata. 

Throngh  nnmcrons  obaervationa  of  many  inveati gators,  such  aa 
BiDUKH  and  .StiruinT,'  Voix,'  liOiiMANX,'  Fh.  ilf  llek,' 
1.  MuNK,*  and  others,  it  )i&h  beeti  ahown  that  the  exclusion  of  the 
bile  from  the  intefltinul  triir;t  diniitiiijlies  the  iihsorptiou  of  fat  to 
Biich  Hii  extent  that  only  |  to  about  |  of  the  (jiiantity  of  fat  OTih- 
narily  absorbed  tmdergoea  absorption.  In  ictems  with  eoCtre 
exchision  of  the  bile  a  considerable  decrease  in  the  absorption  o$i&i 
is  noticed.  Aa  nnder  normal  ronditlona,  so  aUo  in  the  absence  of 
bile  in  the  intcjitine  the  more  readily  melting  parts  of  the  fatsara 
more  completely  abaorbcd  tlmn  thotto  which  have  a  high  melting- 
point.  I.  MuNK  found  iti  bin  oxpcnmenta  with  Urd  and  mntton 
tallow  on  dogn  that  the  absorpilon  of  the  high  melting  tallow  wiu 
reduced  twice  as  much  ua  the  lard  on  the  exclusion  of  the  bil* 
fruin  the  iutestine. 

We  also  learn  from  the  investigations  of  R^RVAKX  aD<I 
I.  MrXK  that  in  the  absence  of  bile  the  relationship  betwwn  Ealtj 
acids  and  neutral  fats  ifl  changed,  namely,  abont  80-'J0^  of  the  fst 
existing  in  the  fieces  consists  of  fatty  acid,  while  under  normal 
conditions  the  fneces  contiun  I  ]>art  neutral  fat  to  about  '2-~-i^  parts 
free  fiitty  acida.  Wo  cannot  jw^itivcly  stat*;  how  this  relatiwlr 
increased  quantity  of  fatty  acids  in  the  fat  of  the  fteces  is  prodacsd 
ou  the  exclusion  of  the  bile  from  the  intestine.  According  to  tbe 
iuvoBtigation.'i  of  MrxK  it  does  not  iu  th«  least  depend  npon  tbs 
fact  that  the  fatty  acids  are  less  readily  absorbed  tbuii  the  ueatrst 
fate,  for  just  the  reverso  is  the  case. 

There  is  uo  doubt  that  the  bile  is  of  great  importance  iu  tbe 
abaorption  of  fats.  Still  there  is  also  no  doubt  that  rather  cousidcr- 
able  quauUtiea  of  fat  may  be  absorbed  from  ibe  JDtestiae  in  die 

1  ZeiiKbr.  f.  Biologio,  Bd.  l5. 

*  Die  VcrdaautigallfM  unddor  BtoSwecliMl,  S.  338. 

■  Dcltrft^  I.  Bio}agt«.  JaUlSumuclirlft  (ilr  v.  Blsdtotl.    Stuttgut.  1833. 

*  PflOft'r'H  Areh..  IM.  29. 

I  Sititin^'Hlter.  J.  pltTallf.-raed.  QewllMclt.  xu  WQnburg,  106S. 
•vi^hoWoAreh.,  Bd.  122. 
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absence  of  bile.     What  relation  (loos  the  psncrcae  bear  to  this  qncs- 
tion? 

Acconling  to  Brrnarii  the  presence  of  peincreatio  jnico  (o  the 
inteetine  is  necessiuT  in  the  ubsorption  of  fnts.  This  riew  has  fonnd 
sspport  in  the  investigatioTis  of  Minkoithki  and  Abblmaxn*  '  on 
tlie  »bBorption  of  fnte  after  the  extirpation  of  the  pancreas  io  dogs. 
These  InTestigators  found  thnt  the  fiit  intrcJ^iccd  in  the  food  was 
not  absorbed  at  all  after  the  complete  extirpation  of  the  pancreas. 
Milk  vas  on  exception,  and  n  greater  or  smaller  part  ('JS-53^}  of 
its  fat  was  absorbed. 

It  iadiflRcnIt  to  state  anything  positive  abont  the  signifinance  of 
tbe«e  obserrations,  since  there  are  other  investigations  which  have 
led  to  different  restilta.  Sasdmevek  *  fonnd  in  his  experiments  on 
dogs  that  the  ntilization  nf  the  non-emnlsified  fat  was  Tenr  variable, 
flonietimea  no  fat  was  absorbed,  whilfi  at  other  times  in  tUe  sam^ 
ftnimal  30  or  even  1^%  of  the  administered  fat  wait  absorbed.  In  a 
of  experiments  adminifitering  omnlsificfl  fat  in  the  fr>rm  of 

k  abont  4'J<  was  absorbed.  Tek'HHAn'k'  )\b»  bIro  frvnml  that 
after  ligaturing  the  pancreatic  dnct  in  lubbitn  the  absorption  of  fat 
was  not  noticeably  distnrbod,  and  Fn.  Mri-LF-it*  had  ocraaiori  to 
obserre  in  a  patient  with  pancreatic  fii^tula  that  in  hnman  beings  a 
coosiderable  absorption  of  fat  may  take  place  in  the  intestine  with- 
otit  pancreatic  jnice. 

The  qaestion  as  to  the  importance  of  the  pancreatic  jnioe  in  tbe 
ab»orption  of  fats  it  still  somewhat  disputed.  It  is  certain  at  least 
that  the  pancreatic  juice  is  of  very  great  import;ince  for  the 
absorption  of  fats,  and  it  is  also  certain  that  tlio  absorption  of 
fats  is  most  considerable  in  the  simultaneoas  presence  of  bile  and 
pancreatic  jtiice  in  the  intestine.  We  can  give  no  expbuiatioa 
for  this  last  fact.  The  common  acceptance  is  that  to  form  an 
emoUion  of  the  fats  a  prerions  splitting  is  ttecessar}',  and  tbis  iS' 
produced  by  the  (wmcreatic  juice,  accelerated  l>y  the  bile.  Manjr 
donbts  have  been  raised  against  this  statement,  and  to  what  has  bcoa 
laid  already  (page  310)  we  must  add  the  following:  In  the  experi- 
ments of  MiXKOWSKi  and  Ahelmaxi?  the  masses  of  fat  eliminated 

<  TTetMrdia  Austiulxun)i;  dar  NsliruugsiftuSu  uacb  Pankrcuvxatirpatiun ,  «tCL 
InA^0.  Dies.    Dort«i.  1800. 

*  ^(oitsehr.  r   Btalngle.  Bd.  81. 

'  Mikroskop.  Beilr.  ».  L<>lire  von  dfir  Pettrssorption.  Dim,  Bresilan,  1891. 
CUcfJ  Trotn  Nn mi iri titer,  l«lir1>.  i).  iibyaiul.  t-'ltdtii.    JiuiB,  180?.     8  S:iO, 

^'Cilvd  from  .Voamei^ter,  LvltrV  d.  pliyalol.  (liem.     J<-»k,  1^7.     S.  ;IS7. 
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by  th«  ftecet  wore  in  great  part  split  even  in  Lbc  abecDce  of  tbo 
pancreas,  and  accortlitig  to  tlie  investigations  of  Ukih>n  nnd  Wiixe' 
an  ftbDndant  spUttiug  of  the  fnts  may  take  }ilace  io  tlio  iut«EUD« 
firen  id  Uie  absaaoe  of  the  bile  as  well  ae  of  the  pancreatic  jaioe. 
Tlie  ext{>ut  '>f  action  of  niiurobes  ami  other  uuknown  foctorfin 
this  spliLtiug  has  not  vet  hiiQU.  determined. 

From  tbc»u  experimeutij  we  uannet  draw  any  positive  ooncloaon 
as  to  thf.-  iiitjwrUtico  of  the  splitting  of  the  fut  for  emnlsiScatioD 
under  uoriuul  conditionn,  because  on  the  exclasiou  of  the  puucrealiB 
juice  fruui  the  intestine  the  secretion  of  alkali  oarbouates,  whii 
arc  important  in  the  emulsincatiou  of  the  fats  as  irell  as  for 
noritml  pn:icc&«eB  in  the  ititei^tiiie,  stiffera  easeutially  in  qaantitjr.! 
Id  the  experiments  of  Minkowski  and  Abeluamk  the  ethereal 
extract  of  the  fnt  inasBea  of  the  Tteues  conaJHlBil  of  80;<  fatty  acidi, 
whiob  vera  cliiuily  free  am)  uniy  conibined  with  alktUi  to  a  sliglit 
«xtant.  1 

V.  rtARLEY*  htiK  inadt!  experiments  on  the  absorption  of  fats 
(milk)  in  doge  with  extirjmtod  pancreas.  The  passago  of  the  tut 
from  the  etomach  to  the  intestine  in  these  dogs  was  retarded,  ami 
Haklky  found  iml  only  a&  much  fat  in  the  intestinal  tract  u 
■was  introdiHwii,  but  also  ii  little  which  was  derived  from  the  aecre- 
tion»  and  exoretiotm  of  the  intestine.  This  experiment  gave  entirely 
diJTiTFiiit  ruijtiltd  from  AnRi^M.^xN'-i  ex[ieriment,  and  Harlkt  exi\ 
phiinn  ihis  by  tint  fii^^t  IhaL  in  Abelmaxx's  experiment  liie  actic 
of  intestinal  bacteria  was  not  excluded  or  nxUiccd  to  a  miuimat 
as  in  liiH. 

The  fact  that  milk  is  tbo  only  form  in  which  fat  can  bo  abaorli 
in  dogs  in  the  absence  of  pancreatic  jnice  (>1inkuwski)  may, 
According  to  him,  be  explaiaod  in  the  fact  that  this  fat  emulsion  i> 
permanent  in  acid  as  well  us  in  neutml  or  alkaline  reaction.  Froto 
these  observations,  and  from  the  confirming  observations  of  Saki>- 
MiiYEit  that  a  considerable  abaorpticu  of  other  fat^  may  take  place 
in  dogs  with  extirpated  panoreaa  when  with  the  fat  food  we  odd^ 
finely  chopped  ox-pancreos,  Minkowhke  saggeets  that  the  proteid 
are  of  the  greatest  importance  in  the  emnlsificHtion  of  fat&  TbU 
view  h  in  accordanos  with  the  older  eUtonientK  of  Hbrnaed  and 
KOuNJi,'  bat  has  not  been  the  subject  of  thorough  raawrch. 

■8MM>lv'Rjnhn-«lx^r.,  11(1.23.6.88. 
•  Journ*!  of  PhjBloL.Vol.  18. 
'Snn  pnifii  311. 


The  soluble  tatlt^ure  attuj  aljflorbed  with  the  water.  The  proWida 
and  peptone  which  can  tUMulve  n  considerable  rjiuiutity  of  salts, 
ench  as  eurthy  phoKpiutltiu  which  are  otherwise  itiauluble  in  alkuliue 
water,  are  of  great  importance  in  the  nbaorptioii  of  snch  salts. 

I  Water,  according  to  the  experiments  of  v.  >lEiti.vi>,'  as  nleo  of 
Olut  and  It«iNi>KAt',' on  dogfi  is  not  abaorljed  to  any  appreciable 
amonnt  in  the  stomaoh.  Alcohol,  on  the  contrary,  ia  abitorbed  to 
a  great  extent  in  the  stomach.  The  extent  of  the  niMorplion  of 
dissolved  bmlies  seems  to  be  depemlent  upon  the  ooncentration  of 
the  Bolntion,  and  acconling  to  liRAXDi,*  the  difTerence  between  the 
absorption  iu  the  Btoniach  and  intestine  connistA  in  that  the  absorp- 
tion in  the  tirat  organ  takett  jilace  better  in  greater  coneentnttion. 
and  in  the  second  in  lem  concentration.  Thua,  for  eiample,  a  sola- 
tion  of  cane-  or  grape-sii^ikr  is  mrt^tt  completely  absorbed  by  the 
, intestine  in  a  concentration  of  O.S<(..  With  increasing  concentnition 
the  absorption  dimini^es,  and  in  a  concentration  of  6^  n  disturb- 
ance takes  place.  In  the  stomaoh  an  appreciable  absorption  first 
oecnrs  with  a  concentration  of  5%,  uud  thon  incromtes  to  about  30^. 

■  The  presence  of  other  bodies  which  canso  an  irritation  on  the 
B  mncons  monibruno  seems  to  be  valuable  for  absorption,  and  accord- 

■  ing  to  ItRAN'DL  chloral  hydrate,  sugar,  and  potas<tinm-iodide  roIii- 
tiona  are  better  absorbed  iu  the  presence  of  alcohol  than  from  pure 
■watery  eolation. 

The  soluble  conatitnonts  of  the  digestive  secretions  may,  like 
other  dissolved  bodies,  be  absorbed,  as  is  demonstrated  by  the 
passage  of  peptone  into  nrina;  the  enzymes  may  also  be  abf<oTl>ed. 
Tiie  occnrrence  of  urobilin  in  urioe  attests  the  absorjition  of  tlie 
bile-const itaents  ondcr  physiological  conditions  notwithstanding  the 
qneatioQ  as  to  the  occnrrence  of  very  small  traces  of  bile-acids  in 
the  nriue  is  disputed.  The  absiurptiou  of  bile-acids  by  the  intestine 
uems  to  be  positively  proven  by  other  observations.  Tappeixer  * 
introduced  a  solution  of  bile-salts  of  a  known  concent  ration  into  au 
intestinal  knot,  and  after  a  time  investigated  the  contents.  He 
found  that  in  the  jejnmini  and  the  ilenm,  bat  not  in  the  duodenum, 
an  abeorptioQ  of  bite-acids  took  place^  and  further  that  of  the  two 


I  Ceninilbl.  f.  Plwsifll..  nd.  7.  &.  588, 

•  C.  U.  Six.  do  Bi'.l.,  18»3. 

•  Zuiucbr.  f.  Biolcgi*.  Bd.  2ft.     Thbi  eoDUin*  kII  Um  older  literature  r«lat- 
iBg  to  ibi^  quMtloo. 

•  Wien.  Siwuncsbcr.,  Bd.  77. 
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bilo-BcicU  only  tho  glycocholic  acid  waa  absorbed  in  the  jojrninm. 
Farther,  Sihiff'  long  ago  expressed  the  opiuion  that  btle  nuikr- 
gOM  an  intcrmedluto  circnlntion,  in  euch  wise  that  it  ia  ttbeofbeil 
from  the  intestine,  then  carried  to  the  livor  by  the  blood,  and  ImiIv 
eliminated  from  the  blood  by  this  organ.  AHhongh  this  viev  hu 
met  with  mme  opposition,  still  ltd  correctness  seems  to  be  utehliduJ 
by  the  researches  of  Tarioaa  investigators,  and  more  recently  br 
Prkvost  and  Hinkt,'  lut  also  and  specifllly  by  Stadrlmann  and  liit 
pupil*.'  After  th<>  introdnction  of  foreign  bile  into  the  intewiniof 
an  animal  the  foreign  bilc-acids  appear  again  in  the  secreted  biU. 

Little  is  known  concerning  the  forces  taking  part  in  absofpt 
Oamoaia  and  ftltrntion  were  foi-mei-ly  considered  aa  the  mo«t  imi 
tant  factors.  But  as  in  regard  to  the  peptones,  whose  formation  i 
the  digestion  wiia  considered  as  taking  place  ©specially  in 
interest  of  a  facilitated  osmosis  and  liltratiou,  but  who^  condit 
have  besn  fonnd  qnite  different  and  mnch  more  complicated,  st'o 
the  absorption  theory  therp  is  a  still  greater  contrast  between  fonaw 
and  present  views,  the  latter  inclining  to  the  theory  that  absorpiion 
it  a  process  connected  with  the  vital  properties  of  the  cells  (IIoppI 
Srylkii').  Investigations  in  this  direction  have  been  made 
ilElDENHAlN  '  and  bis  pupils  KiillMANy',  and  (.Jumilkwhkv  ';: 
these  investigations  have  ehown  that  th»  cells  take  an  active  ytai 
the  absorption,  and  that  tliis  lu'tion  is  independent  of  the  pr 
oaosed  by  an  nneqaal  ditliisibility  of  the  dilTerent  bodise. 
example,  in  a  solution  which  containa  equal  quantities  of  grape- 
sagar  and  sodinm  .inlphate  the  sugar  will  Tie  almost  complewlj 
absorbed  in  a  certain  time,  while  the  s^Ut,  which  has  the  greater 
difTusibility,  still  reinatus  in  considerable  amounts  in  the  iutatine- 
According  to  the  latest  investigations  of  IlEineN'nAiN*  on  ^^ 
absorption  of  blood-seniui  and  contmon-salt  soLations  from  tU 
intestine  of  dogs,  no  doubt  can  now  exist  that  the  cells  buve  a 
special  physiological  force  besides  wttiuli  under  certain  circamstsno'* 
osmosis  may  operate,  hut  nndur  oLher  circumstauc«s  an  atmofptKA 

1  PflO^r's  AtcIi.,  Bd.  8. 
'  Cuui])t,  rood,,  Toira  109. 

*  See  refereaoa,  psffe  S34. 
*I'l»yBiol.  Chcm..  S,  348, 

*  PIlQfrer'M  Arcli..  Bdd.  43aDd  06. 
'Ibid..  Bd.  41. 
'  IH,t ,  Bd   89. 

*  ;*((/.,  Bd.  M. 
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may  take  place  with  the  entire  exclnsion  of  osmoBis.  It  is  also 
known  that  certain  pigments  are  absorbed  and  others  not,  and  the 
cells  seem  to  have  the  property  of  discrimiDstiug  between  the 
different  sabstancea.  The  absorption  of  dissolved  bodies  seems  to 
be  connected  with  a  specific  activity  of  the  living  cell,  the  living 
protoplasm. 

In  the  absorption  of  bodies  not  dissolved,  of  the  emnlsified  fats, 
forces  take  part  which  are  not  known.  That  the  bile  performs  the 
most  important  part  in  the  absorption  of  fata  is  very  generdly 
admitted,  bat  how  the  bile  acts  in  this  process  ia  not  yet  deter- 
mined. T.  WisTiKOHAUSEN  '  has  foond  that  fat  rises  higher  in  a 
capillary  tube  moistened  with  bile  than  when  moistened  with 
water,  and  farther  that  flaid  fat  filters  more  easily  throngh  a  dead 
membrane  dipped  in  bile  than  when  dipped  in  water.  From  these 
observations,  whose  correctneaa  has  lately  been  diapnted  by  Gad  and 
Groper,*  the  inference  has  been  drawn  that  bile  facilitates  the 
capillary  attraction  and  thereby  accelerates  the  absorption  of  the 
fats.  The  epitheliara  layer  of  the  intestinal  macons  membrane 
cannot  be  compared  with  a  dead  membrane  soaked  in  water,  and  it 
is  therefore  doabtfal  if  the  above-mentioned  action  of  bile  can  have 
any  influence  on  the  absorption  of  fats  in  the  intestine.  That  the 
absorption  of  fats  is  caased  by  the  lymphoid  migratory  cells 
(Zawarykin,'  Schafer')  is  diapnted  by  Gbuenhaoen'  and 
Heidknuain.'  According  to  them,  the  fat  takes  its  way  chiefly 
through  the  epithelium  cells.  How  these  last  act  ia,  like  the  natnre 
of  their  action  in  absorption,  enveloped  in  darkness. 

'  See  the  trADslation  of  Wistinghftasen's  diaserUtion  b;  Steiaer  ia  Da  Bois- 
Reymond's  Arch.,  1878. 

'  Du  Bois-ReTtnond'H  Arcb.,  1889. 

*  PflQger'B  Areh,,  Bd.  81. 

•  Ibid. ,  Bd.  88. 

»  Arch.  f.  mikioskop.  Anat.,  Bd.  S9. 
•PflQger'a  Arch.,  Bd.  48. 


CHAPTER  X. 

TISSUES  OF  THE  CONNECTIVE  SUBSTANCE. 

I.  The  Connective  Tissues. 

The  form-elements  of  the  typical  connectiTO  tiasneB  an  c^ 
of  Tarions  kinds,  of  a  not  very  well  known  chemical  compositioD, 
and  gelatin-yielding  fibrils,  which  like  the  cells  are  imbedded  in 
an  interstitial  or  intracellalar  snbstance.  The  fibrils  condst  of 
collagen.  The  interBtitial  snbstance  contains  chiefly  mucin  beddei 
serghbulin  and  seralbumin,  which  occnr  in  the  parenchynutou 
fluid  (LOEBISCH  '). 

The  connective  tissue  also  often  contains  fibres  or  fonnatiou 
consisting  of  elastin,  sometimes  in  each  great  quantities  that  the 
connective  tissue  is  transformed  into  elastic  tissae.  According  to 
Mall'  a  third  variety  of  fibres,  the  reticular  fibres,  also  occnr, lod 
these  according  to  Siegfried  consist  of  reticulin. 

If  finely  divided  tendons  are  extracted  in  cold  water,  the 
albuminous  bodies  soluble  in  the  nutritive  fluid  in  addition  to  * 
little  mucin  are  dissolved.  If  the  residue  is  extracted  with  half* 
saturated  lime-water,  then  tlie  mucin  is  dissolved  (Rollsit,* 
LoEBiscu)  and  may  be  precipitated  from  the  filtered  extract  b/ 
saturating  with  acetic  acid.  The  digested  residue  contuns  tho 
fibrils  of  the  connective  tissue  together  with  the  cells  and  the  elu^ 
substance. 

The  fibrils  of  the  connective  tissue  are  elastic  and  swell  slightly 
in  water,  somewhat  more  in  dilute  alkalies  or  in  acetic  acid.  Oa 
the  other  hand,  they  shrink  by  the  action  of  certain  metallic  salta, 
such  as  ferrous  sulphate  or  mercuric  chloride,  and  tannic  acid, 
which  forms  an  insolnble  combination  with  the  collagen.     Among 

1  Zeitscbr.  f.  physiol.  Chem.,  Bd.  10. 

>  RgL  Sftchfl.  Gesellwli.  d.  WiMeoaoh.,  18»1,  Bd.  17,  llkt;h..ph7i.  KUml 

■  Wim.  Sltnugslwr.,  Bd.  M.  . 
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^M0  oombinatioiiit,  which  prerent  ptitrcfaction  of  the  collugea, 
that  with  tannic  acid  ha»  been  found  of  the  greatett  technical 
importAnce  in  the  prepamtion  of  leather.  In  regard  to  tendon 
macin  see  |>age  45,  and  in  regard  to  collagen,  gelatin,  «la8tin,  and 
reticuliri,  page«  5I-o6. 

The  tiwue«  deiicribed  under  the  names  mueons  or  yehihncms 
tttsMs  are  charaoterize<l  more  bj  their  physical  than  their  chemical 
properties  and  have  been  but  little  stadied.  iyo  much,  however,  is 
known,  that  the  miicons  or  geltttinous  ti)«iies  contain,  at  least  iu 
certain  caMB,  as  in  the  acalephte,  no  mucin. 

The  nmhilioti  cord  h  the  most  aoceiuble  material  for  the  invea- 
ligation  o(  the  chemicul  conetitnenta  of  the  geUtiuous  tlasaes.  The 
mucin  occurring  therem  has  been  described  on  p*go  45.  C.  Tb. 
MdKNEK '  has  found  a  mucoid  in  the  vitreous  humor  which  contains 
ViJil^  nitrogen  and  1.19;^  sttlphur. 

Young  connective  tissue  is  richer  in  macin  than  old.  Halli- 
burton '  found  an  average  of  IJiVt  p.  m.  mucin  in  the  skin  of  very 
young  children  and  only  3.85  p.  m.  in  the  skin  of  adults.  In 
8o-called  myxu^lema,  in  which  a  reformation  of  the  connective  tissao 
of  the  skin  takee  place,  the  quantity  of  mucin  iy  also  incnnsed. 


II.  OurtilHKe- 

CartilaginoDB  tissne  consists  of  colls  and  an  originallj  hjalino 
matrix,  which,  however,  may  become  changed  in  snch  wiac  that 
there  appears  in  h  a  network  of  elastic  fibres  or  connect ive-tissno 
fibrils. 

Those  cells  that  offer  great  resistance  to  the  action  of  alkalies 
and  acids  have  not  iKien  carefully  stiulied.  According  tu  former 
views,  the  matrix  was  considered  as  confusting  of  a  body  analogous 
to  collagen,  so-cuUed  chondrigen,  which  tinder  nimilar  conditions 
paaMB,  like  collagen,  into  a  corresponding  gelatin  called  chondrin 
or  cartilage<gelatin.  The  recent  investigations  of  MoRornowin-z' 
and  others,  but  especially  those  of  C.  Tii.  Morkru,*  have  shown 
tliat  the  matrix  of  the  cartilage  coosiKts  of  a  mixture  of  collageD 
iritli  other  bodies. 

*  ZHtaelir.  r.  plijriifll.  Cliera..  Bd.  18.  S.  2fi0. 

*  Mucioin  Mvxwdvma.  Purtbvt  AtutlysM.  King»Call«£«.  Collected  Papem 
Ko.  1.  1893. 

*  Vcrbandl.  d.  n»urliiiit.-med.  Vvrcliu  su  Helddbarir.  Bd.  1.  B«fl  8. 

*  »kMd.  Arch.  1.  Pbysiol.,  Bd,  \. 
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The  tracheal,  thyroidoal,  cricoidal,  and  arytenoidal  cartila^ftf 
fall-^own  wittle  contain,  accoMin^  to  SfousEK,  four  conBtitnenw 
in  tlie  matrix,  namely,  chondrmniicoidy  choHdroitin-aulphuricatii, 
coilaijfu,  am!  «n  ulhumiiwul- 

Chondromncoid.  Tliig  bodj,  according  to  Mobxek,  liu  tlie 
comiiositiou  C  47. 3U,  IT  IJ.-12,  X  ia.5fi,  S  2.44,  0  3I.2y)(,  Sulphur 
ig  ill  part  Loosely  combined  and  may  be  split  off  by  tbe  action  ol 
nlkalies,  ittid  a  part  separAtea  as  9iilphiiric  acid  when  boiled  nitb  h 
hydrocltloric  acid.  C'houdromitcoid  in  decompomd  by  dilut«  alk&liei  ^ 
and  yields  alkali  alhuminate,  peptone  substances,  cbondroiUn- 
snlphnric  acid,  alkali  aalphides,  and  aome  alkali  9ulpUat««.  On 
Jjoiliiig  with  acids  it-yioltis  aoid  albuminate,  peptone  stibstaooei, 
choDdroitin-suIpliuric  acid,  and  ou  uccouiilof  the  further  deoom- 
poHition  of  tliia  last  body  sulphuric  add  and  a  redaciug  subetance 
are  formed.  Accordiug  to  ScHsiiEDEiiERit '  choiidromucoid  ie  a 
combiaatiou  of  cboudroitiii-eulpliuric  acid  with  proteld.  fl 

Chondromuooid  ie  a  white,  amorphous,   acid-reacting  poirdw  " 
whioli  is  iaaoluble  in  wat«r,  hut  digsolrca  »M\\y  ou  the  additiouot 
a  little  alkali.     This  solution  ia  precipitated  by  acetic  acid  in  great 
«zcei>s  and  by  small  qimutitics  of  mineral  acidtt.     The  precipitation 
may  ho  retarded  by  neutral  Hiltd  or  by  chondroitiu-siilphuric  acid. 
The  solution  containing  MaCl  and  acidified  with  IICI  is  not  pre*  fl 
cipituteil  by  pohussiuiu  ferrucyauide.      I'recipitauts    for   chondro*  " 
mucoid  are  alum,  ferric  chloride,  sugar  of  lead  or  basic  lead  acetate. 
Cboudrumucoid  is  not  precipitated  by  tannic  acid,  and  it  may  bf  J 
its  presouce  prevent  the  precipitation  of  gelatin  by  this  acid,    tt^ 
gives  tho  usual  color  reactions  for  proteids,  namely,  with  nitric 
acid,  with  copper  siilpbate  and  alkali,  with  MlLLOX's  and  AdaH'^ 
KtEwii-'Z's  reagents. 

Chondroitin-sulphoric  Aeid,  •':HONnKorric  acid.  This  acid,' 
which  was  fljst  prepared  pure  from  cartilage  by  C.  Th.  MuhxiI 
iuid  identified  by  him  a^i  en  ethereal  suli>huric  acid,  occurs  accord- 
ing to  310H.NEK'  in  all  varieties  of  cartilage  and  also  in  the  tauica 
iutima  of  the  aorta.  Oddi  *  has  also  found  it  in  livers  with  amyloidS 
degeneration.  According  to  Hcumiedbb&ro  the  acid  has  tbe^ 
formala  0„li„NSO„.  In  regard  to  the  chemical  conatitntjon  of 
this  acid  the  iuTestigations  of  ScBUiBDEBEfto  hare  led  to  Um 
following: 

■  Arch.  f.  exp.  Path.  u.  Phann.,  Bd.  Sft. 

•  U[wftlk  Laku-cffl  FOrfa.,  Bd.  SB. 

>  Arch.  f.  Dxp.  Pfttlu  a.  Pbuta.,  Bd.  38. 
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Aa  first  products  tbis  acid  yields  gulphnric  acid  and  a  nitrog- 
«noas  8nb«tanc«,  (JiOMtiroitin,  Kccordiug  ti>  tbe  foHowiug  equation; 

C„H.,NSO.,  +  H,0  =  H,Sa.  -f  C,.H„NO... 

Chondroitiu,  wbicli  is  similar  to  gum  arabic  ami  wbicli  in  a  moDo- 
busic  acid,  fields  acetic  acid  and  a  new  uitn^euoua  Bubntance, 
c/iOH<ir(fsiH^  w  clearuga  products,  ou  ducompociitiou  with  dilute 
mineral  acida: 

c.,u„NO,.  +  3ir,o  =  3C,n.o.  +  c„ii,.no,. 

Ohondroflin,  vliich  is  also  a  gummy  subgtance  eoluble  in  water,  ie  a 
tnonobaaic  acid  and  reduces  copper  oxide  in  alkidine  solution  even 
more  strongly  than  clextroHe.  It  is  dextrogyrate  and  rej>re8eiit:g  the 
reducing  anbatance  obtained  by  previous  investigators  in  an  impure 
(omi  ou  boiling  cartilage  with  ati  acid.  The  products  Dbtaineil  ou 
decom posing  cboudrosio  with  barium  hydrate  tend  to  show  that 
cbondrosiu  contains  the  atomic  groups  of  glycurouic  acid  and 
glucosamine. 

Choudroitiu-salpburic  acid  appears  as  a  white  amorphous 
powder,  which  dissolves  very  eusiiy  in  water,  forming  an  acid  solu- 
tion and,  when  sudiciently  concentrated,  a  sticky  liquid  similar  to 
a  solution  of  gum  arabic.  Nearly  all  of  its  sultx  are  soluble  in 
water.  Tha  neutralized  solution  is  precipitated  by  tiu  chloride, 
basic  lead  aoetate,  neutral  ferric  chloride,  and  by  alcohol  in  the 
presence  of  a  little  neutral  salt.  The  solution,  on  the  other  hand, 
IB  not  precipitated  by  acetic  acid,  tannic  acid,  potanium  ferro> 
cyanide  and  acid,  sugar  of  lead,  mercuric  chloride,  or  silver  nitrate. 
Aciditied  solutions  of  chondroitin-suljihatui  cause  a  precipitation 
when  added  to  solutions  of  gelatin  or  proteid. 

Chomlromncoid  and  chondroitin -sulphuric  ncid  may  be  prepared 
according  to  MoitXKit '  hy  exacting  flnelv  cat  cartilage  with  water, 
which  dusolvea  the  preformed  chondroitiu'sulphnric  acid  besides 
some  chnndroniuui>i<l.  In  this  watery  extract  tue  vhondroiLiri-fiul- 
pharic  acid  prevouta  the  precipitation  of  the  chradroniucoid  by 
means  of  an  acid.  If  2-4  p.  m.  HCl  is  added  to  this  watery  extract 
and  warmed  on  tbe  water-bnth,  tbe  chondromncoid  gradually 
separates,  while  the  chondroitin-Hulphuric  acid  and  the  rest  of 
tbe  cliondromucoid  remain  in  the  filtrate.  U  the  cartilage,  which 
has  been  lixiviated,  at  the  teuiperature  of  the  body,  with  water,  is 
extracted  with  hydrochloric  a«d  of  2-3  p.  m.  until  the  collagen  is 
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oonvort«d  into  gelatin  anJ  disaolvml,  tlie  roiuuinin^  chotidrointicoiil 
msiy  be  removed  from  the  innolnbte  residue  by  ailuce  alkiUi  uul 
procipJtateil  from  the  alkaline  extract  liy  au  iicid.  It  may  be 
jiiiritlnd  by  ro|)catecl  solution  in  wnter  witli  tbc  aid  of  a  tittle 
iilkiili,  prtH:ipitAliti^'  by  an  acid  and  Llien  treating  with  alcohol  and 
ether. 

The  pre-existing  ehondroitin-sniphnrie  acid,  or  that  formed  by 
the  decomjiosition  of  chondromiicoid,  is  obtnined  by  lixiriating  the 
ciirtiiiige  with  u  hi  caustic-alkuli  solution.  Tlie  alkali  albuniiuate 
forriiud  by  tbc  dcconi position  of  tbe  chondiomiicoid  can  be  removed 
frnit)  the  soluiion  by  noutrali nation,  then  tlie  ]iaptone  precipitated 
by  trtnnic  acid,  tlie  excess  or  tliia  acid  removed  with  sugar  of  lead, 
and  the  lead  separated  from  tbe  filtrate  by  H,S.  If  further  pnrifl- 
cation  is  necessary,  the  iicid  is  precipitated  tritli  alcohol,  the  pre- 
cipitJitH  di&solvocl  in  water,  this  solution  diallyzcd  and  prtKripitaCed 
ft^tiin  with  alcohol,— tliis  solution  in  water  and  juDcipitating  with 
alcohol  being  repeated  a  few  times, — and  lastly  the  acid  la  treated 
with  alcohol  and  ether. 

SfHMiEitBHF.mi '  prepared  tbe  acid  from  the  aeptnm  narium  of 
the  pig  according  to  the  following  method:  The  Dnely  diTided 
cartilage  \»  first  exposed  to  artificial  pepsin  digestion  and  then  care* 
fully  wiwbed  Willi  water  and  the  iuBolnljle  residua  treated  with  "i-Si 
hydrochloric  acid.  This  cloudy  Hipiid  containing  hvdi-ochloric  acid 
is  precipitated  with  alcohol  (about  \  vol.)  and  the  clear  filtrate 
treated  with  abeoUite  alcohol  and  some  ether.  The  precipitate, 
oonl^isting  cbietlv  of  a  conibtuution  or  a  mixture  of  chondroitin- 
eulphuric acid  and  gelatin  peptone  (pepto-eliondrin).  is  first  washed 
with  alcohol  and  then  with  water.  It  is  then  dissolved  in  alkaline 
water  and  the  ha«ic  alkali  cnmbination  precipitjited  from  this  solu- 
tion hy  ihc  addition  of  alcohol,  wbcreby  the  gcbitine-popiono  alkali 
remaiua  in  Holution.  The  pre(;ipita.tM  '\»  pnritled  by  repeated  eola- 
tion in  alkaline  water  and  precipitated  by  alcohol.  To  obtain 
oliondroitiu-iiulphuric  acid  entirely  frt^e  from  chondroitiu  it  is  more 
advantageous  to  prepare  ttie  potafslnm-copper  combination  of  the 
acid  from  the  alkaline  solution  by  the  alternate  addition  of  copper 
acetate  and  canstic  potash  and  precipitating  with  alcohol.  The 
reader  in  referred  to  the  original  article  for  more  details. 

The  rMlagen  of  the  cartilage  givoE,  according  to  MuitNER,  a 
gelatin  which  contains  only  XHA^  K  and  which  can  hardly  be  ooa- 
sidered  identical  with  ordinary  gelatin. 

In  the  above-mentioned  cartilages  of  full-grown  animals  tbe 
obondrnitin-Bnlphnric  acid  and  chondromacoid,  perhaps  also  Clifi 
collagen,  are  fonnd  Btirronnding  the  cells  as  round  balls  or  Inmpe. 
Theee  balls  (Mornbii's  ehondrin-baUa)^  which  give  a  blue  color 
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Yvith  methyl-riolet,  lie  m  tlie  meehee  of  a  irabecalar  strucLure^ 
^lich  \»  coloreil  when  brought  in  contact  with  tropieolin. 

The  albuminuid  ia  a  uitrogGnizwl  boily  which  con  tains  loosely 
oombined  sulphur.  It  is  Bohibic  with  ililficulty  in  aeids  and  alka- 
lies, and  resembles  keratin  lo  many  respects,  but  dllTers  from  it  by 
being  soluble  in  gastric  juice.  In  other  respects  it  is  more  similar 
to  elostin,  but  differs  from  this  substance  by  containing  sntpliur. 
■  This  albuminoid  gives  the  color  reactions  of  the  albiiminoiiB  bodies. 

The  preparation  of  cartilsf^c-gelatin  and  albuminoid  mav  be 
porforraeil  according  to  the  following  method  of  MnKNEK:  f-'irat 
remove  the  chondromncoid  :ind  cliondri>itin-an1|>Kiiric  acid  by 
*itraction  with  dilnte  catutic  potash  (U.*J-0.5;<),  remove  the  nlkftfi 
from  the  remaining  cartilage  by  water,  and  tbctn  boil  wit}i  water  in 

»a  PAprx's  digestor.  The  collagen  passes  iuto  sohitiou  a«  gelatin, 
while  Lhf  lULiuminoid  rumaiuti  uudiiisolveU  (coti tarn i anted  by  the 
curt i logo-cells).  The  gelatin  may  be  pnriQod  by  precipitating 
with  sodium  snlphate,  wliioh  muRt  be  added  to  iuitnration  in  the 
faintly  acidified  solution,  redissolving  the  precipitate  in  water, 
(iiHlyziiig  well,  and  precipitating  with  alcohol, 

Acconling  to  M<^rner,  no  albuminoid  is  fonnd  in  young  carti- 
lage, bnt  only  the  three  lirst-mentioned  constituents.  Kevorthelcss 
the  young  <^rtiluge  contains  about  the  same  amounts  of  nitrogen 
utid  mineral  substances  as  the  old. 

Hoppe-Seyler  '  found  in  fresh  human  rib-cartilage  G76. 7  p.  m. 
water,  301.3  p.  m.  organic  and  'Z'i  p.  m.  inorganic  substance,  nnd  in 
the  cartilage  of  the  knee-joint  73o.D  p.  ra.  water,  248.7  p.  m.  organic 
and  15.4  p.  m.  inorganic  sabstanoe.     Pickarut'  found  40^-^74 
p.  m.  water  and  72.8ii  p.  m.  ash  (no  iron)  in  the  laryngeal  cartilage 
of  oxen.     Tlie  ash  of  cartilage  contains  considerable  amounts  (even 
800  p.  m.)  of  alkali  sulphate,  which  probably  doeg  not  exist  orig- 
inally as  atich,  httt  ifl  produced  in  great  ptirt  by  the  calcination  of  the 
chondroitin-fliil|iliuriir  luiid  and  the  chondrornucold.     The  analyaes 
of  the  oah  of  cartilage  therefore  cannot  give  a  correct  idea  of  the 
laiitity  of  mineral  bodies  existing  in  this  snbstance.     Petersen 
Soxhlet'  have  found  !)4fi  p.  rn.  NaCl  in  the  ash  from  the 
cartilage  of  a  shark,  and  soch  cartilage  can  scarcely  contain  quauti- 
tiea  of  chondromucoid  or  chondroitin-snlphnric  acid  worth  men- 
tioning.    The  curtilage  of  the  ray  {lirtja  batis  hiN.),  which  has. 

>  Cited  (mm  KQIid«,  Lehrb.  d.  {>h7filol.  Cbem.,  ISflQ.  a  887. 
»  CVnIrelbl.  r.  I'lij-Hiol.,  ai.  6.  «,  7.15. 
«  Jooni.  r.  prakt.  fhem.  (N.  V.\  Ud.  7. 
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been  iarentigated  b^  Luxkbero,'  coutaiuii  uu  filbuminoid  and  ool; 
a  little  choudromucoicl,  but  a  large  proportion  of  cbondroitio* 
sulphuric  acid  and  collHgen. 

The  CortLea.  The  corneal  tissue,  whiuh  is  coDsidenMl  hy  taaay 
investigators  to  be  related  to  enrtiluge  in  a  chemical  suntie,  contuina 
tmcca  of  proteid  und  a  cvUagen  as  chief  conntitueut,  which  C.  Til 
Muuxbh'  claims  contains  lti.95^  N.  Aooording  to  him  it  aim 
containB  )i  mucmtl  which  has  the  conipot>itioii  C  50.1f),  II  ti.97, 
N  r^.7U,  and  S  2.07;£.  On  boiling  with  dilute  mineral  acid  tbit 
mucoid  yields  a  reduoiug  substance.  The  globalios  found  bj  other 
inrestigators  in  the  cornea  are  not  derived  fi-om  the  matrix,  accord- 
ing to  MoRXER,  but  from  the  layer  of  epithelium.  According  to 
MOrnkk,  I>KscRuirr'8  niembnme  consists  of  membranin  {jngt 
47),  which  coiitjiina  U.77:^  N  acid  t).»0^  S. 

In  the  cornea  of  oxen  lIis'  found  708.3  p.  ni.  water,  203.8 
p.  rci.  gelatin-forming  eubstauce,  28.4  p.  m.  other  otganicsutntanoe, 
besides  S.  1  p.  di.  soluble  and  1.1  p.  m,  iueoluble  salta. 

III.  Bono. 

The  bony  Btrootnro  proper,  when  free  from  other  formations 
occurring  iu  bonea,  such  as  marrow,  norvoa,  and  blood-vessels,  con- 
eiatA  of  ccll^  and  a  matrix. 

The   cells  havo  not  been  oIoBcly  studied   in   regard    to    their 
chemical  constitution.     On  boiling  with  water  they  yield  no  gelft- 
tiD.     They  contain  no  keratin,  which  is  not  asnally  present  in  the 
bony  stmotnre  (UKUKbiiii  Surni'],  but  thoy  may  contatn  a  sol 
stance  which  is  similar  to  elaatin. 

The  matrix  of  the  bony  structure  contauia  two  chief  oonstitu- 
euts,  namely,  an  orgimic  substance,  osseint  and  the  go-called  bot»- 
earihs,  lime-salts,  enclosed  iu  or  combined  with  it.  If  bones  are. 
treated  with  dilute  hydrochloric  acid  at  the  ordinary  tomperatDT 
the  lime-salts  are  dissotveil  and  the  ossein  remains  as  an  etast 
ma^,  preserving  the  chajte  of  the  bone.  This  ossein  is  general!] 
considered  identical  with  the  collagen  of  the  connective  tinue. 
The  OKseiu  in  the  bones  of  certain  a(|aatio  fowl8  and  fishes  can 
hardly  bu  couaiderod  identical  with  this  collagen  (Khemv  '). 

■  UpfiAluLfLkarof.  Fdrh.,  Bd.  ii,  alao  MmI^'s  Jntireiber.,  Bd.  19,  S.  8S& 
*Z»UMchr.  I.  [ilijuKil,  Chrm..  ltd,  IS. 

■  Cited  from  Uamgm,  Plij-siol.  Cb«m..  18S0,  p.  451. 
'  ZelteeUr.  t.  BIolo|tie,  B^l.  I&. 

■  AddaI.  de  CliLm.  ol  do  pbpi.  (8>,  I'ome  48.  sad  Oompt.  read.,  Tom«  88. 


BONK  Aim  ftONg  KAHTH8. 


The  inorganic  constitueots  of  the  bony  structure,  the  so-called 
bone^arthi,  which  remain  after  the  complete  calcioutiou  of  the 
orgBoio  aabetaoce  as  a  vliite,  brittle  msaa,  consiitt  chiellj  of  calciaui 
aod  phosphoric  acid,  but  also  contain  carbon  dioxide  anci,  in  atnnllor 
aojoiints,  mugtiesitiiit,  chlorine,  and  Hiiorine.  Alkali  sulphate  and 
iron,  which  have  been  fonnd  in  booe-aeh,  do  not  seem  to  belong 
exactly  to  the  bony  snbstauce,  but  to  the  nutritive  Hnids  or  to  the 
other  constitnents  of  bones.  Actmrdiiig  to  (tAHKiKi. '  potassium 
and  sodiani  are  essential  cou£titueut«i  of  bont-earlh. 

The  opinions  of  investigators  differ  soinewliat  as  to  the  manner 
iu  which  tlif!  ijiiuerul  budies  of  the  bony  stracttire  are  coinluued 
with  each  otiier.  Chtoriiiti  and  lluoriiic  are  present  in  the  same 
form  aa  in  apatite  ^CaI''l„3CXP,0,).  If  we  eliminate  the  niag- 
ncKitini,  the  chlorine,  and  the  fluorine,  the  toet,  socnrdin^;  to 
(>Ai(inr.i.,  occurring  only  as  traces,  the  roniuiuing  mineral  Imliee 
form  the  combination  3(Ca,P,0,)C'aC0,.  According  to  (iAnntRL 
the  uuipleet  oxproeeiou  for  the  oouipoaition  of  tlie  aali  uf  bones 
and  teeth  is  (t'u.tro,), -f  Ca,III*,0„  +  Aq),  in  which  ^-liitf  of 
the  lime  is  replact^  by  magnesia,  potash,  and  soda,  and  i-d^  of 
the  pboephoric  acid  by  carbon  dioxiile,  chlorine,  and  fluorine. 

Analyiies  of  botie-e«irtlis  have  shown  Uiat  tlie  oiinenil  conetita- 

CDta  exist  in  rather  constant  proportions,  which  is  nearly  the  same 

in    difTeront  animals.     Aa  uxanij)|o    of  the  uomposition    of    hone 

earth  wc  give  here  the  auaiye^Mi  of  Zalesky.'    The  ligares  reproaent 

parts  per  thousand. 

Han. 

OaIi-Iuid  ptioBphKtr,  ra*P,0 8S8.9 

MaKiK-sium  filKvplmb.-,  .Mgril*«Oa 10.4 

Calcium  conjbiiiml  wllb  CO,,  Fl,  and  CL     70.0 

tX>, 37.3 

riilnrinA • •■  ■•       1.8 

Fluuriaa S.8 

Some  of  Uie  C0«  U  tlway*  loirt  on  caVInlnf ,  mo  that  tbv  bunv-osb  dow  not 
coaialD  the  entire  1*0,  of  the  bony  8al)Htaiic«. 

An.  Cakxot*  found  the  following  composition  for  the  bone-adi 

of  man,  ox,  and  elephant : 


Csleiam  plios^'hslc 

Ufcgiii'siuin  [>)in»i)liKte 

Culciiiiii  Hiiiirido 

Calclam  cliloHdv     •. 

r*kium  earlxiiiilic. 

liun  o&ide 

>  ZciUnhr.  f.  pbjatol.  Cliero..  Bd.  18. 

*  Ui>|>p»-^vl«r,  Mnl.  clirtD,  rutrnmch.,  S.  10. 

■  Comp.  ti-ad..  Tome  Hi. 


Ox. 

Tonoine. 

Qtilni-Mile. 
878.8 

600.0 

tua.8 

10.3 

IS  s 

IO.fi 

78.0 

03.2 

70.8 

63.0 

52.7 

P      4      *      ■ 

2.0 

•  •  •  > 

i.8 

8.0 

2.0 

•  1  •  « 

X*a. 

Ox. 

EI«plMUil. 

Tenmr 

Frniitr 

Ftiniir. 

Koaiiur. 

tbodyi. 
8T4.5 

9t9.7 

847.3 

00O.3 

ia.7 

17.6 

15.8 

10.6 

8.3 

8.7 

4.5 

4.7 

S.3 

8.0 

8.0 

3.0 

lot.e 

M.a 

II9.6 

7i.1 

1.0 

1.8 

1.3 

l.S 

950 


rjssi'ns  OF  rnE  coNyscnrs  bibsiaavs. 


The  rjuaiitity  of  organic  Ruluitaiice  iu  the  boneSf  culculatrd  fn«' 
the  iofis  iif  weight  in  buruiiij^,  viiries  tiomewhut  betveeu  IJOO  aud  5'M 
p.  m.  Tiiifi  variatidu  inuy  in  ]iurt  he  oxplaiueii  by  Uie  diOiwiltj  m 
ohtairurif;  the  hony  siibstimce  entirely  free  rroiu  water,  uiid  panlj 
by  the  very  variable  amount  of  blood-veaeelB,  nerves,  niurroir,  anil 
Uie  like  in  difl'ertiiit  hontvi.  The  inicqual  anmuntg  of  organic  sab- 
stahRe  foiiml  in  the  c»m]iiict  mid  in  the  sjwugy  part^  of  tlio  sune 
hone,  a8  well  as  in  bones  at  difTorcnt  porioda  of  deroiopmcot  in  tbe 
same  animal,  depoiid  probably  upon  the  varying  quantities  of  \i\t» 
aljovd-meiitionod  formatioiw.  fhtitin,  which  iscomparatiTPlypuK 
bony  stnictnre,  containa  only  '^Od-'^HLi  p.  m.  orgaoic  subetance,  and 
Hoppe-Skvlkr'  tberoforo  thinks  it  probable  that  entirely  j>urt 
bouy  tinhstiitice  baa  a  constant  composition  and  contains  only  aluui 
2S0  p.  m.  organic  snbatonce.  Tbo  question  whether  these  enb- 
atancoa  are  chooiically  oombinod  with  the  bone-oartbB  or  unlj 
intimately  mixed  has  not  been  decided. 


Thr  nuLritivff  tlniilft  wliich  ctr<!ulfttf<  through  tho  bones  hnrft  not  b««ii 
]«t4^il,  kn<)  ui!  imJv  kmiw  Llmt  tlmv  i-i>iitMii  smno  pmUtiil  hdiI  »am«  NaOul 
Blkuli  Hultiliatn.  Tli<^  yell'jiv  marruw  conlaiuH  cuiatlf  fat,  wliicli  cvvm' of 
ftlein,  pnltiiitkii.  Km)  »ieurln.  Pr<>i<;i<l  liaa  be«n  found  mpeciall;  \tk  ibv 
pttllwl  hmI  nmrn-w  <>(  tin-  D]>onK\  l«>ncM  Awurtiinn  to  Foiirkbt'  tbe  [ifouM 
c<■ll^tMN  ijf  a  i^lnbiilin  L'o&trtiliiuii);  at  4i-')0'  C  auil  a  nucleo-albumlD,  kulA 
trai-i~t  of  ulbiinitn.  Besidw  tlitK  t)ie  umrrow  <-ontalDa  ao-calltsd  mndi*' 
liuili(!!>,  KUirb  111  luetic  ncid,  bj [josantliiu,  tuid  chotesteria,  bat  uoatlf  bolWrf 
au  unkauwu  ctmraRlor. 

The  direiBQ  qaantitatire  coniposilion  of  the  Tarious  booos  of  tlie 
skeleton  depends  probably  on  the  vuiyiug  qnautities  of  other  foma* 
tious,  BHcU  us  marrow,  blood -vessel  b,  etc,  they  ci;ntain.  The  wiff* 
reiuou  expluius,  to  all  ajipearanueei,  the  larger  cjauntity  of  organiV! 
aubistun<:e  iu  the  spongy  part«  of  the  bouea  as  compared  will)  the 
more  compact  parte,  Schkout'  has  made  comparative  aualymof 
dilTerent  parts  of  the  skeleton  of  tho  aame  animal  (dog),  and  bM 
found  an  essontial  diilercDco.  The  (piantity  of  water  in  the  ftiili 
boDea  varies  bctweoa  VA'A  and  443  p.  m.  The  bonea  of  Ibe 
extremities  and  the  aknlL  contain  n&-^32,  the  vertebne  lGS-443. 
aud  the  ribs  'i-l\-'Ab*!)  p.  m.  water.  The  iiuantity  of  fat  vaiitf 
between  13  aud  201)  p.  m.  The  largest  amount  of  fat,  956-2(39 
p.  in.,  is  found  in  tlie  long  tnbolar  bonea,  while  ouly  13-175  p.  m. 

'  Phytdol.  Cli«ia..  S.  108-104. 
'  Journal  of  Physiol,.  Vi.l.  IT. 
*  l«DdwlrtLM'-li.    Verauehaslat.,   Ud.    10.     Cited 
Bd.». 
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fat  is  found  id  the  small  short  bones.  The  qiiaiitily  of  orgunio 
fiubetauce,  culcutated  from  fresh  bonoiSf  iroa  \b(>~'MA}  p.  iii.,  iini)  the 
qiiAntity  of  luiiierul  Hiibstances  'i'M)-b\VA  p.  m.  Contrary  to  tho 
general  supposition  the  greatest  nmoaut  of  bonc-eorths  vas  not 
fonnd  Ln  the  femur,  bnt  in  the  tiraC  three  cerrictd  vertebra}.  In 
gCMo  tho  lurgeat  amount  of  boae-earth  waa  found  in  the  hnmoms 
<11illek'). 

We  do  not  poeaesa  trnstworthy  stiitenionts  in  regard  to  the  com- 
poeitiou  of  bones  at  different  ages.  According  to  the  analyses  of 
E.  VoiT*  of  bones  of  dogs  and  of  RiinBAcnER'  of  btmes  «f 
children,  vc  leiini  that  the  skeleton  Iieconie-t  poorer  in  water  and 
richer  iu  a«h  with  increiLsc  in  age.  (iitArFKVDKiuii'.u'  lias  found 
in  rabbits  Qi-Ti  years  old  that  the  Imnes  contJiinod  only  140-170 
p.  ni.  water,  while  the  liories  of  the  fnll-grown  rabbit  2—1  yean  ohl 
contained  '^no-y4ii  p.  m.  The  bones  of  old  rabbits  contain  more 
carbon  dioxide  and  leas  calcium  phoftphate. 

Tbeoomposition  ortxinonnf  mniMivU  oT  diflnn-DtHjin-ias  U  l>ut  little  known. 
The  boocB  nt  birdie  e<;atiiiD.  »«  n  rule,  fuujduhut  num  w«|it  tliKD  lliose  of 
at&mmaliA.  and  t)ip  liuiicx  of  fiiilmfl  nmiain  ibe  lar^'ntt  i)usnihy  nf  wBt«r.  The 
btiora  of  luliK)  luid  «m|iliibiauHi!oiitiiia  Bf;rc<atcr  amount  of  orKftiiic  sui  »Utie«. 
Tb«  btiai^ai  of  [>aoli>'it«nuH  and  cetaccaiiK  cmtain  a  lar^n  |>n:'p<inlon  of  i-alcjiim 
eAr>uinat«<;  iboso  »f  gran i vcirons  birds  always  conlain  itiltctc  aciH  TUf  Ixnir. 
Mill  of  am]ihibiiui9  and  &iilitra  coDtaiiM  sodinui  sul|>liut«.  TImt  bones  u(  fililimi 
•eeai  to  contain  iituns  Kolublo  italts  than  iliu  UinvK  of  (ittior  aiiiiiiaU. 

A  groat  niany  experiments  hare  been  made  to  dotennine  the 
exchange  of  material  in  the  bones — for  instance,  with  food  ricb  in 
lime  and  with  food  deficient  in  lime — but  the  reenlte  have  always 
been  doubtful  or  contradictory.  The  attempts,  also,  to  sulistitnto 
other  alkaline  earths  or  day  for  tho  lime  of  the  bouca  have  given 
contradictory,  resnlts.  Wbhske  '  has  siiowu  by  experiments  nn  not 
qait«  fall  grown  and  on  young  and  still  rapidly  growing  rabbits 
that  on  feeding  with  oats,  which  are  [loor  in  acid  and  limo,  and 
aimultaneoualy  magnesium  or  struutium  carbonate,  that  those  iu 
part  pass  into  the  skeleton:  but  a  physiological  replacement  of  lime 
by  magnesium  or  strontium  is  not  to  be  expected.  On  the  adminis- 
tration of  madder  the  bones  of  the  animal  are  fonnd  to  be  colored 

■  LaDdwinbKh.  VcnmeluMUL.  Bd.  81.  Ciud  from  Hatjr'a  JaliKwbftT., 
Bd.  14. 

*  ZeltiKhr.  f.  IlioloKut.  Bd.  16. 
«iWtf..  Bd.  37. 

*  LandwlnliMli.  V«nuctmBUt.,  Bd.  80.  Cited  from  Half's  Jshneber.,  Bd. 
91. 

*  ZMlachr.  (.  Bjoiogie.  Bd.  St. 
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red  after  a  few  days  or  weeks;  but  these  experimeuta  have  not  led 
to  any  positive  concluBiou  in  regard  to  the  growth  or  metabolism  in 
the  bones. 

Under  pathological  conditions,  as  in  rachitis  and  Bofteuiog  of 
the  bones,  an  ossein  has  been  found  which  does  not  give  any  typical 
gelatin  on  boiling  with  water.  Otlierwise  pathological  conditions 
seem  to  alTect  chiefly  the  ffnautitative  composition  ol  the  bones,  and 
especially  the  relationship  between  the  organic  and  the  inorganic 
substance.  In  exostosis  and  osteosclerosis  tlie  quantity  of  organic 
substance  is  generally  increased.  Attempts  liave  been  made  to 
produce  rachitis  in  animals  by  the  use  of  food  deficient  in  lime. 
From  experiments  on  fully  developed  animals  contradictory  results 
have  been  obtained.  In  young,  undeveloped  animals  Erwis 
Voit'  produced,  by  lack  of  lime-salts,  a  change  similar  to  rachitia. 
In  full-grown  animals  tlie  bones  were  changed  after  a  long  time 
because  of  the  lack  of  lime-salts  in  the  food,  but  did  not  become 
soft,  only  thinner  (osteoporosis).  The  experiments  of  removing  the 
lime-salts  from  the  bones  by  the  addition  of  lactic  acid  to  the  food 
have  led  to  no  positive  results  (Heitzmann,'  IIeisb,'  Bagikskt  '). 
Weiske,'  on  the  contrary,  has  shown,  by  administering  dilute  sul- 
phuric acid  or  monosodium  phosphate  with  the  food  {presuppoeing 
that  the  food  gave  no  alkaline  ash)  to  sheep  and  rabbits,  that  the 
quantity  of  mineral  bodies  in  the  bones  might  be  diminished.  A 
few  investigators  are  of  the  opinion  that  in  rachitis,  as  in  osteomala- 
cosis,  a  solution  of  the  lime-salts  by  means  of  lactic  acid  takes  place. 
This  was  suggested  by  the  fact  that  0.  Webeu  and  C.  Schmidt' 
found  lactic  acid  in  the  cyst-like,  altered  bony  substance  in 
osteomalacia. 

Well-known  investigators  have  disputed  the  possibility  of  the 
lime-salts  being  washed  from  the  bones  in  osteomalacosis  by  means 
of  lactic  acid.  They  have  given  special  promineuce  to  the  fact  that 
the  linie-SEdts  held  in  solution  by  the  lactic  acid  must  be  deposited 
on  neutralization  of  the  acid  by  the  alkaline  blood.  This  objection 
is  not  very  important,  as  the  alkaline  stream  of  blood  has  the  prop- 

'  L.C. 

*  Muly'H  Jahresber.,  Bd.  8.  S.  339. 

*  ZeitHclir.  f.  Biologie,  BJ.  13. 

*  Virchow's  Arcli..  Bd.  87. 

*  IiuidwirtLiKh.  VersucfassUt.,  Bdd.  89  snd  40.     Cited  from  MkIt'b  Jahm- 
ber.,  Bd.  28. 

■,  Lalirb,  d.  pliTsiol.  Cbem.,  4.  Anfl.,  S.  038. 
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«rty  to  a  high  degree  of  holding  earthy  phosphates  in  solntion, 
i"which  can  be  eaaily  proved.  The  recent  invefltigations  of  TjEVy  ' 
contradict  the  etatemout  sa  to  the  eoltitiou  of  the  lime-aalte  bj 
lactic  acid  in  oeteomalucia.  He  has  found  that  the  normal  relation- 
ship 6P0^  ;  lOCa  18  retained  in  all  parts  of  the  boue&  in  osteoma* 
lacia,  which  vould  not  be  the  case  if  the  boue'earths  were  diHolved 
by  an  acid.  The  decrease  in  phosphate  occurs  in  the  same  (juanti- 
taCiTe  rehttienship  as  the  carbonate,  and  according  to  Lbvy  in 
osteomalacia  the  exhaustion  of  the  bone  takes  place  b;  a  decalcifica- 
tion in  which  one  molecule  of  phospliate  carbonate  after  the  other 
js  remoTed. 

Id  racbilia  llip  qLanlity  of  or^oic  iD&Ucr  hoa  been  found  to  vary  bei\rpra 
W4  ttnA  811  p.m.  Tho  qiiiontitv'  i>f  innrg»tiir  KdhMnnc^  was  18i)-836  p.m. 
Time  6ftur«M  n^ftr  t»  IIil-  ilrinl  sutiH(nncv.  Acirurditif;  !■>  HRUitACiiKX*  rKnliilic 
buDBK  uv  ricli«r  ill  watvr  itinu  tliu  Lkjui-»  >^i  hvaltliv  cliiliirun,  Aiiii  pourvr  In 
IDln«n)  bodit^ii.  •^Hi'Mrially  natctnia  |ilioflptiikU>  Iti  otiiKWiLtinD  Ut  rkclililn,  oKtco- 
Ualaeoais  U  ttllva  chmtaclvriu-A  br  tLe  ciinniilfrmble  anionnt  nf  fut  ia  (lin 
Vmos,  29&-390  p.  in.:  I*ut  us  «  rule  ibe  coiupostlioa  varies  so  mucli  ibal  the 
aaaljaes  otq  of  little  value. 

The  tooth -structure  is  nearly  related,  from  a  chemical  stand- 
point, to  the  bony  utrQctare. 

Of  the  three  chief  constitnents  of  the  teeth,  dentin,  enamel, 
and  cement,  the  la^t- mentioned,  the  cement,  is  to  be  considorcd  m 
tme  bony  stmcture,  and  as  aneb  bus  already  been  spoken  of  to  a 
certain  extent.  Dentin  has  the  same  composition  as  the  bony  stmc- 
tnre,  bnt  contains  somewhat  less  water.  The  organic  fiubstance 
jields  gelatin  on  boiling;  bnt  the  dental  tnbcs  are  not  dissolved, 
therefore  they  cannot  consist  of  collagen.  In  dentin  2(10-280 
p.  m.  or^ganic  anbatance  has  been  found.  Ennmtl  is  on  epithelium 
formation  containing  a  large  proportion  of  lime-aalts.  The  orguuic 
sabstance  of  the  enamel  doeiH  not  yield  any  gelatin.  Completely 
'developed  enamel  contain:^  the  tuast  wulor,  the  greatest  quantity  of 
teinenU  substances*  and  is  the  liardc^^l.  of  all  the  tissues  of  the  body. 
In  fall-grown  animals  it  contains  hardly  any  wat«r,  and  the  quan- 
tity of  organic  snlstano:-  amounts  to  only  ail-40  p.  m.  The 
Telattre  amonnts  of  calcinm  and  phosphoric  acid  are,  according  to 
the  analyses  of  Bopt>K-SKYL«H,  ahont  the  same  as  in  bone-eartliH. 
Tlie  ijnantity  of  chlorine  is  according  to  IIoppe-Seylbb'  remark- 
blyhigb,  o'.3-^.6«. 

'  Zmtaclir.  f.  plijsiol  Clieiu..  Bd.  Ifl. 
*  Zuitscbr.  f.  Biolngip.  Bel.  37. 
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Cabnot,  <  wlio  baa  Investigated  the  dentin  from  elepliants.  liu  found  iS 
p.  ni.  calcium  fluoride  in  tLe  ash.  Id  ivory  he  found  only  2.0  p.  m.  Deoiiii 
from  eluphauts  i^  rich  in  magnesium  phosphate,  which  Is  more  marked  in 
ivory. 

According  to  Gabriel  the  amount  of  flDorine  is  very  small  and 
sniountB  to  1  p.  m.  in  ox-teeth.  It  is  greater  in  the  teeth  snd 
enamel  than  in  the  bones.  According  to  Gabbikl  a  strikingly 
siuall  portion  of  the  lime  of  the  enamel  is  replaced  by  magnesia, 
while  in  the  teeth  it  is  considerable. 

IV.  The  Fatty  Tissue. 

The  membranes  of  the  fat-cells  withstand  the  action  of  alcohol 
and  ether.  They  are  not  dissolved  by  acetio  acid  nor  by  dilnte 
mineral  acids,  but  are  dissolved  by  artificial  gastric  jaice.  Th«y 
may  possibly  consist  of  a  substance  closely  related  to  elastin.  The  - 
couteuts  of  the  fat-cells  are  fluid  during  life,  bat  solidify  after 
death  and  become  more  or  less  solid,  depending  npon  the  charutw 
of  the  fats.  Besides  fat,  the  fat-cells  contain  a  yellow  pigment 
which  in  emaciation  does  not  disappear  so  rapidly  as  the  fat;  and 
this  is  the  reason  that  the  subcutaneous  cellnlar  tissae  of  an 
emaciated  corpse  has  a  dark  orange-red  color.  The  cells  deficient 
in  or  nearly  free  from  fat,  which  remain  after  the  complete  dis- 
appearance of  the  latter,  seem  to  have  an  albnminons  protoplum 
rich  in  water. 

The  less  water  the  fatty  tissue  contains  the  richer  it  is  in  fat 
ScHLLTZE  and  Reinecke'  found  in  1000  parts: 

Watt>r.  HembrMie.  Tmt. 

Fatty  tissae  of  oxen  99.7  16.6  888.7 

"       ■'  alieep 104.8  16.4  878.8 

pigs 64.4  18.6  9S3.0 

The  fat  contained  in  the  fat-cells  consists  chiefly  of  triglyceridti 
of  stearic,  palmitic,  and  oleic  acids.  Besides  these,  especially  in  the 
less  solid  kiuds  of  fats,  there  are  glycerides  of  caproic,  Taleriuiiet 
and  other  fatty  acids  which  have  not  been  so  closely  investigated. 
In  all  animal  fats  there  are  besides  these,  as  Hofhanh*  htf 
shown,  also  free,  non-volatile  fatty  acids,  although  ia  Terj  smiU 
amounts. 

The  more  solid  varieties  of  fat  of  the  adipose  tissue  oonuBti  m 

>L.  e. 

*  Ann.  d.  Chetn.  n.  Phsrm.,  Bd.  149. 

■  Udwiff-Fflrtaohrift.  1874. 
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prerioasly  stated  (Chapter  IV),  in  great  part  of  stearin  and 
palniitin,  while  the  les6  solid  fats  have  a  greater  quantity  of  olein. 
llnnijin  fat  is  as  a  rule  rich  in  oloiu.  The  fatt;  tissue  of  cold- 
blooded aalniulH  is  especially  rich  in  oloin. 

Tho  properties  of  Tuts  in  goncrnl  and  the  throe  mogt  important 
varieties  of  fat  have  already  been  treated  of  in  u  prorions  chapter, 
hence  the  fonnatioa  of  the  adipoec  tissue  is  of  chief  interest  at  this 
time. 

7%e  formation  of  fat  in  (he  organism  may  occur  in  various  ways. 
The  fat  of  the  auiuial  tody  otay  consist  partly  of  ah»irbod  fat  of 
the  food  doiMwited  in  the  tissues  and  partly  of  fat  formed  in  the 
organism  from  other  bodies,  such  us  proteids  or  carhohrdratcB. 

That  tite  fat  of  the  food  which  is  absorbed  in  tho  intestinal  canat 
may  he  retained  by  the  tissues  lias  lieen  shown  in  several  ira3rB. 
Radzibjewsky,'  LBBRnKhT,'  and  Munk'  have  fed  dogs  with 
vuriouB  fats,  such  ata  linfieed-otl,  mntton-tallovr,  and  nipc-seod-oil, 
and  have  afterwards  rniind  the  administered  fat  in  the  tissnos. 
HuKMAN.V*  starved  dogtt  until  they  appeared  to  have  lost  their  fat, 
and  then  fed  tlioni  u[yon  large  quantities  of  fat  and  only  little  pro- 
teids.  When  the  animals  were  killed  he  found  eo  large  a  quantity 
of  fat  that  it  cnnid  not  liave  lieen  formed  from  the  administered 
proteidu  alone,  but  the  groateat  part  must  have  been  derived  from 
the  fat  of  the  food.  Pettkskopeb  and  Voir* arrived  at  similar 
results  in  regard  to  the  hehtivior  of  the  absorbed  fata  in  the 
organism,  though  their  experiments  were  of  another  kind.  Ml'kr  * 
]iiu  found  that  on  feeding  with  free  fatty  acids  these  are  deposited 
in  the  tiiwueHt  not,  however,  ae  such;  but  they  are  truusformed  by 
^Dtheeis  with  glyceria  into  neutral  fats  on  their  passage  from  the 
intestine  to  the  thoracic  duct.  According  to  Kw\i,n,'  snch  a 
synthesis  may  be  produced  by  the  mucous  membrane  of  the  intes* 
tine. 

Proteids  and  carhohydratefi  are  considered  as  the  mother*sab- 
stance  of  the  fats  formed  in  the  organism. 

The  formation  of  the  so-called  coiipse-wix,  iJiiPocEns,  vhich 

«  Vitdiow'ii  Arch.,  Bd.  48. 
*PflD««r'*  Arch.,  Bd.  81. 
'  Vircbow-s  Arch.,  Bd.  95. 
«Z«It«chr.  f.  Biolob'ie.  Bd.  8. 

*  Ibid. .  Bd.  ». 

*  Vtrehow'fl  Arob..  Bd.  80. 

*  Du  BDis.UcijDiuQd'a  Arcb.,  1S88. 
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ccusista  of  a  mixtnre  of  fatty  acids,  ammonia,  and  limC'Soaps  fron 
parts  of  the  corpfic  rid]  in  proteids,  ts  sometiniee  given  asaprrnf 
of  tbo  ftyrmatiw  of  fate  frojn  proteids.  The  provableuMS  of  tkii 
obsvrvaliuu  bae,  however,  been  disputed,  aud  many  oUier  eijtUct- 
tious  of  tlie  formatiou  of  this  snbatance  have  been  offered.  Accord^ 
iog  to  tlie  recout  esperimeuts  of  Krattkb'  aud  K.  B.  Lehmass* 
it  seemg  as  if  it  were  possible  by  eiperimenUl  means  to  conrprt 
animal  tissue  rich  iii  proteida  {muscles)  iuto  adipocere  by  thewn- 
tinnous  action  of  water.  Irrespective  of  this,  Salkowski'  Ist 
abowD  recently  that  in  the  fonnatiou  of  adipocere  the  fat  itsdf 
takes  part  in  that  the  olein  deconi]wses  with  the  formation  of  solid 
fatty  Hcide;  still  it  muet  be  considered  that  lowor  org&tiisau  nn- 
doabtedly  take  part  iu  its  formation.  The  formatiou  of  adipocen 
as  a  proof  of  the  formatiou  of  fat  from  protetds  is  dispateJ  bj 
many  inreBtigators  for  this  and  other  reasons. 

Fatty  degeneration  is  another  proof  of  the  formation  of  fat  (rom 
proteids.     From  the  investigations  of  Baikk*  on^ogs  and  Leo  *^ 
on  frogs  we  mnst  admit  that  at  least  in  ncnte  poisoning  by  pliot>^^ 
phorug  a  fatty  degeneration  with  the  formation  of  fat  from  prot*i<l« 
takeB  place.     Still  iDvestigators  are  not  nnanimoos  on  this  l^ii'i 
and  PriXoEa'  has  ogjwcially  rnised  important  objections  to  the*j 
experiments. 

As  a  more  diroct  proof  of  fat-formation  from  proteids  tlio  iDteH 
tigatioDB  of  PbTTKNKDKKn  and  Voir'  are  often  quoted.  Tie" 
investigators  fed  dogs  witli  large  quantities  of  meat  containing  0>b 
laut  possible  proportion  of  fat,  aud  found  all  of  the  nitrogen  to  ^^ 
excreta,  but  only  a  pari  of  the  oarbou.  As  nn  explanation  of  Um* 
conditions  it  hua  been  assumed  that  the  proteid  of  the  orgauiw^ 
Rplits  into  a  nitrogenized  aud  a  non-uitrogeiiiztid  {>art,  the  lomff 
changing  into  the  iittrogenized  tinal  ])rodiict,  uraa,  the  other,  on 
the  contrary,  being  reliiinod  in  the  orguniem  as  fat  (PKTTEVKorKK 
and  VoiT). 

PvLfruuH  *  haa  arrived  at  the  following  conclusion  by  an  exhiofc^ 

*  Zoiturlir.  f.  Bioliifcie,  Bd.  IS. 

'  Sitrungnhur.  A.  Wdrxb,  phy!«,.m«il.  Onanl Ixcli. ,  1888. 
(  Zur  K.«Dncni»e  d^r  h'elTvrnclisbildaDg'.  Vircboir's  F«stsohrift,  1801. 

*  ZviUclir.  f.  Biwl<)Kle.  DJ.  7. 
•ZplwcTir.  r.  pbyaiol.  Chvm..  Bd.  ». 
'Pflngor's  Arc)i.,  Rd.  51.     Tbia  eonUlns  alsn  the  moal  Impnrtuil 

fla  blin  fonnitton  of  FbI  from  proteids. 

*  Liftblg'M  Antinl.,  Suppl.  Bd.  S,  uid  ZolUclir.  f.  lUnlo^e,  B«)dt.  R,  9.  *xA  T. 
M.   c. 
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tire  oriticiBm  of  rETTEKKot-eR  aad   Voit's  oxperiineiit«  and   » 

carafal  roculculatioa  oC  llioir  liulaiice-sbeet,  jiauicly,  tliut  tliotie  very 
DieritorioUB  inrcstigatioQe,  which  wero  coutinucii  for  u  hurieH  of 
jeoTB,  wero  sabjoct  to  such  gruut  defocU  that  thoy  are  not  ooncht- 
aiTo  oa  to  the  forniatlou  of  fat  from  protcids.  lie  eepeciiUIy 
eniphueizes  the  fact  that  these  invoeti gators  started  fmiii  »  wrong 
SHuniptioD  as  to  tho  olomentory  coinpo«ition  of  the  moat,  anil  that 
tho  quantity  of  nitrogen  a&anmetl  by  thorn  was  too  low  and  tiie 
<)uuotity  of  carbon  too  high.  Tlio  rolallonsliip  of  uitrogeti  to 
carbon  in  meat  poor  in  fat  waM  asi^iimcd  by  Vuit  to  be  as  1  :  3.68, 
while  according  to  PflCueh  it  is  1  :  'A.ll  for  fat-free  meal  after 
deducting  tho  glycogen  and  1  :  'i.'l^  according  to  RuttS'Eit  withont 
deducting  the  glycogen.  On  reoalonlating  the  experiments  uRing 
tbeee  coeAicienta,  PplOoek  hag  amvcd  at  tho  condudion  that  the 
aasamptioD  as  to  the  formiktion  of  fat  from  proteids  finds  no  sup- 
port in  these  experiments. 

Brwix  Voit'  on  recalcnlating  those  older  oxporimonla  finds, 
«onlrsiry  to  the  above  object iutim,  tliab  at  least  in  a  fev  caa&a  a 
deposit  of  carbon  origiiiuting  from  the  proteidB  takes  place  in  the 
y.  He  has  also  made  new  oxperimBrits,  wliich  demonstnLte, 
rding  to  him,  tliat  tho  administration  of  an  excess  of  meat 
a  deposition  of  a  part  of  the  carbon  as  a  non-nitrogonoue 
linatioD  (probably  fat)  in  tho  body. 
Another  more  direct  proof  for  the  formation  of  fat  from  pro- 
ds has  been  giren  by  llorMANS.'  Uc  experimented  with  fly- 
:gota.  A  nnmber  of  thetw  were  killed  and  the  qtiiuitUy  of  fat 
tennined.  The  remainder  were  allowed  to  develop  in  blood 
hose  proportion  of  fat  hod  been  previously  detcnninod,  and  after 
certain  tinio  t)iey  were  killed  and  analyzed.  Uc  fonnd  In  them 
rom  7  to  n  timea  an  mnch  fat  as  in  the  niaggot.3  tirat  analyzed  and 
e  blood  together  contained.  PplCoer'  has  niiwle  the  objection 
at  a  considerable  nnmber  of  lower  fnngi  develop  in  the  blood 
der  these  conditions,  and  these  .serve  as  food  for  the  muggots  and 
whose  cell-body  they  form  fata  and  carbohydrates  from  the  dif- 
ffereiit  coustituents  of  th<?  bloo<l  and  their  decomposition  products. 
The  views  are  therefore  very  diverse  in.  regard  to  the  couclu- 


I  MDocti.  med.  WoeUeiwdir.,  1S93,  Nol  36.    Cited  from  Male's  JahrMbar,, 
99. 
■  Zeftsehr.  f.  Biologje,  Bd.  & 
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sivenesfi  of  these  experimenta  as  to  the  formation  of  fat  from  pro 
teid&.  The  possibiUtjr  of  a  formatian  of  fat  from  proteidi  om 
hurdly  h«  disputed  by  anj  iavestigator. 

If  we  admit  of  the  possibility  of  the  fomiBtioo  of  fat  from  pro* 
teids,  Btill  we  mu^t  atto  admit  that  wo  do  not  know  anything  witb 
poaitivcoesB  in  regard  to  the  chemical  proccBaeB  which  take  pUa'. 
Dbbcukel,'  mindful  of  the  products  which  are  formed  by  tk 
decompOBJtion  of  protcids  with  hurium  hydrate,  has  called  ftttention 
to  the  fact  that  the  proteid  molecule  prohahly  origiDally  couUini 
no  radical  with  more  than  aix  or  nine  carbon  atoms.  If  bit  ii 
formed  from  proteid  in  the  animal  body,  thon,  according  (0 
Dkkchbel,  such  formation  is  not  a  splitting  oft  of  fat  from  Ui» 
proteids,  hut  rather  a  syntheaiH  from  primarily  formed  splitting 
proiliicts  of  proteids  whicli  are  deSt'ient  in  carhon. 

TUe  formation  of/at/ram  carbohydrates  m  the  animal  body  wu 
first  suggested  by  Likuiq.  Tliis  was  oombuted  for  aomo  time,  nod 
until  lately  it  was  the  general  opinion  that  a  direct  formatiaD  tf 
fat  from  carbohydrates  had  not  l>eeti  proven,  but  also  that  itm 
iinprobiible.  The  undoubtedly  great  iottitence  of  the  curbohydntit 
on  the  fonimtion  of  fat  as  observed  and  proven  by  LiKBii  "» 
explained  by  the  statement  that  the  carlioliydrntes  were  consuniad 
instead  of  the  absorbed  fat  or  that  derired  from  the  proteids,  heoce 
they  have  a  sparing  action  on  the  fat.  By  means  of  a  sens  of 
nutrition  eiporimeuts  with  foods  especially  rich  in  oarboby^Tstet, 
LiAWRg  and  (iti-nRaT,'  Soxni-irr/  Tschebwisskt,*  Muisei 
Btromer'  (on  pigs),  B.  Schkltze,*  Chanirwski,'  E.  Voit  ani 
C.  Ijeiimank  *  (on  geeao),  I.  MrKK'tuid  M.  Kcbkf.u"  (on  doigs) 
apparently  prove  that  a  direct  formation  of  fat  from  oarbohydntf** 
does  actually  occur.  The  pmfiessBB  by  which  this  formation  ak» 
place  are  still  unknown.     As  the  carbohydrat«e  do  not  oontain" 

'  Lkdenbnrg^fi  IlKndwOrtorbuch  der  Chcon.,  Bd.  8,  8.  BiS. 
»  Phil    TniinuitttouB,  1859.  [.firt  2. 

•  Se*  M«Iy'»  J»hr"ber.,  B<1.  II.  8.  61. 

•  lAndwlnlutcli.    V»niuohBsta,t.;  Bd.   99.     Cited  from   U&It'i  Jtluwhr.*' 
Bd.  IS. 

'  Wlen.  SiKungfllwr..  Bd.  88.  Abtb.  8. 

•  >taly*H  Jahi«sber..  Bd.  II.  8.  -47. 

•  Zeitoehr.  r.  Biolo^iv.  ltd.  30. 
■  Sm  C  v.  Vuit,  Bliziiu^olMr.  d.  k.  Uyer.  Alud.  d.  WiawDseb.  1885. 

•  Vircliyvf's  Afcb.,  IW.  :01. 
»  Zeltwhr.  f.  Biologie.  Bd.  33. 
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complicated  carbon  ctuuns  as  the  fats,  the  fonnation  of  fat  from 
carbohydTatoB  most  conBtst  of  a  aynthesia,  in  which  the  groap 
CHOH  is  converted  into  CH,;  also  a  redaction  mnst  take  place. 

When  food  contains  an  excess  of  fat  the  snperflaous  amoant  is 
stored  np  in  the  fatty  tissne,  and  on  partaking  of  food  deficient  in 
fat  this  accamalation  is  qaickly  exhansted.  There  is  perhaps  not 
one  of  the  rarioas  tissoes  that  decreases  so  much  in  starvation  aa 
the  fatty  tissne.  The  organism,  then,  possesses  in  this  tissue  a 
depot  where  there  is  stored  daring  proper  alimentation  a  natritive 
substance  of  great  importanoe  in  the  development  of  heat  and  vital 
force,  which  substance,  ou  insufficient  nutrition,  is  given  off  as  may 
be  needed.  On  account  of  their  low  conducting  power  the  fat^ 
tissues  become  of  great  importance  in  regulating  the  loss  of  heat 
from  the  body.  They  also  serve  to  fill  cavities  and  as  a  protection 
and  support  to  oertain  internal  oigans. 


CHAPTER  XI. 

MUSCLE. 

Striated  Muscles. 

In  the  study  o(  the  muscles  the  chief  problem  for  phTmologicil 
chemistry  is  to  isolate  their  different  morphological  elements  and  to 
investigate  each  element  separately.  By  reason  of  the  complicated 
structure  of  the  muscleB  this  has  been  thns  far  almoat  imposmble, 
and  we  must  be  satisfied  at  the  present  time  with  a  few  micro- 
chemical  reactions  in  the  investigation  of  the  chemical  compontioD 
of  the  muscular  fibres. 

Each  mnscle-tnbe  or  muscle-fibre  consists  of  a  sheath,  the 
8ARC0LEUMA,  which  secms  to  consist  of  a  substance  similar  to 
elastin,  and  a  contents  containing  a  large  proportion  of  pboteidb. 
This  last,  which  in  life  possesses  the  power  of  contractility,  has  in 
the  inactive  muscle  an  alkaline  reaction,  or,  more  correctly 
speaking,  an  amphoteric  reaction  with  a  predominating  actjjon  on 
red  litmus-paper.  Bohmann  '  has  foand  tliat  the  fresh,  inactive 
mnscle  shows  an  alkaline  reaction  with  red  lacmoid  and  an 
acid  reaction  with  brown  turmeric.  From  the  behavior  of  these 
coloring  matters  with  various  acids  and  salts  he  concludes  that 
the  alkalinity  of  the  fresh  muscle  with  lacmoid  is  due  to  Bodiam 
Vjicarbonate,  diphosphate,  and  probably  also  to  an  alkaline  combina- 
tion of  proteid  bodies,  and  the  acid  reaction  with  turmeric,  on  the 
contrary,  to  monophosphate  chiefiy.  The  dead  mnscle  has  an  acid 
reaction,  or  more  correctly  the  acidity  with  turmeric  inoreaaeB  on 
the  decease  of  the  mnscle  and  the  alkalinity  with  lacmoid  decreans. 
The  difference  depends  on  the  presence  of  a  larger  qoanti^  of 

>  The  various  statomeDte  in  re^rd  to  the  reaction  of  the  mnseles  ao<t  Um 
cause  thereof  are  dlaptited.  See  ROhmann,  PflOger's  AndL,  Bdd.  BO  ud  8B; 
Heffter,  Areh,  f.  exp.  Path.  v.  Pharm.,  Bd.  81. 
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monopboDphAte  in  ttiQ  (load  lUTieole,  and  occordiDg  to  Roiimakn 
free  lactic  ac'iU  i^  fouiiil  in  i)i>iltK*r  tlio  oue  case  nor  tlie  other. 

If  we  clisreganl  the  rtornewlim  dieputeil  statements  relative  to 
the  finer  Btractnre  of  the  muscles,  vo  can  iliHerentinte  in  the 
strutod  mnscleB  ^tween  the  two  chief  components,  the  doubly 
rehaoting — anisotropous — and  the  singly  refmuting — isotropoitx — 
sabatiinco.  If  the  mnsciilar  llbres  are  tn?Hte<l  with  rengcnU  which 
dissoWc  proteidst  such  as  dilnte  liydrochlonc  acid,  soda  aolntion,  or 
gaatric  jnice,  chey  swell  greatly  and  break  np  into  '*  Howmav's 
dxaks/*  By  the  action  of  alcohol,  chromic  acid,  boiling  water,  or 
in  general  sncb  reagents  as  canse  a  slirthking,  the  fibres  split  longi- 
tndinally  into  tihrile;  and  tbiy  beliavior  shows  that  aeverai  chemi- 
cally different  snbstances  of  varions  solubilities  enter  into  the 
rongtmction  of  the  mnscnUr  fihres. 

The  proteifl  inynsin  is  generally  considered  aa  the  chief  constifc* 
□ent  of  the  diagonal  diakii,  while  the  lAotropoufl  anbtitAnce  contains 
the  chief  mass  of  the  other  proteirls  of  the  muwiea  da  well  as  the 
chief  portion  of  the  extractive:!.  According  to  the  observations  of 
Danilkwrky,'  and  recently  confirmed  by  J.  IIolmrrks,*  myottin 
may  be  completely  extracted  from  the  miiiicle  trithont  changing  itfi 
stractnre,  by  meang  of  a  5%  solution  of  iLnininiiiiiin  clilorirle. 
DaKILEW<;kt  claims  that  another  proteid-like  substance,  inBolnble 
iti  ammonium  chloride  and  only  swelling  up  therein,  enters  essen- 
tially into  the  Btructure  of  tlie  muKcleR.  The  proteids,  which  form 
the  chief  part  of  the  solids  of  the  nmAcles,  are  of  the  greatest  im- 
port&nce. 

Proteids  of  the  Muscles. 

Like  the  blood  which  coiitaiue  a  fluid,  the  binod-plaama,  which 
gpontaneonsly  coagulates,  separating  tibrin  and  yielding  iilood- 
serum,  so  also  the  liring  nnneclc  contains,  aa  first  shown  by  KCn\'r, 
a  flpontanoously  coagulating  liquid,  the  musclD-plnAma,  which 
co^i^latoa  quickly,  ficpitratlng  a  jirotoid  body,  myosin,  and  yielding 
alM  a  serum.  That  liquid  which  is  obtained  by  pressing  the  living 
mnscio  is  called  mitscJe-plnsma,  while  that  obtained  from  the  dead 
muetcle  is  called  muscU-$Brtim.  Those  two  fluids  oontaiu  different 
albnminona  bodies. 

Mtiscle-plnsma  was  first  prepared  by  KOitNi:'  from  frog-mna- 

1  Zeitacbr.  f.  pbj-ilul.  Chem.,  Bd.  7. 

•  Upaola  UUnrrf.  FOtli..  B.I.  28.  «n.i  M«]y'a  JabrsBber..  Bd.  28. 

*  UDbereacbuDgQa  Utrar  du  Proloplnaiua.     Leipzljf,  1864. 
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cles,  and  later  by  Halliburton  '  according  to  the  same  method 
from  the  mnecles  of  warm-blooded  animals,  especially  rabbits.  The 
principle  of  this  metbod  ia  as  follows:  The  blood  is  remored  from 
the  mnsclea  immediately  after  the  death  of  the  animal  by  pasun^ 
throngh  them  a  strongly  cooled  common-salt  solation  of  5-€  p.  m. 
Theti  the  quickly  cut  mnecles  are  immediately  thoroaghly  frozen  so 
that  they  can  be  ground  in  this  state  to  a  fine  mass — "  moacle- 
suow."  This  pulp  IB  strongly  pressed  in  the  cold,  and  the  liqoid 
which  exudes,  the  mnscle-plasma,  is  faintly  yellowish  in  color, 
alkaline,  and  spontaneonsly  bnt  slowly  coagulates  at  a  little  above 
0°  C,  bnt  very  quickly  at  the  temperature  of  the  body.  In  the 
muscle-plasma  of  the  frog  the  reaction  does  not  change  immediately 
with  the  coagulation,  but  the  alkaline  reaction  is  gradually  changed 
into  an  acid  one.  The  liquid  which  exudes  from  the  clot,  the 
muscle-serum,  is  faintly  acid.  The  proteid  which  forms  the  dot 
has  been  called  myosin.  Besides  this  another  albuminous  body, 
mnscnlin  or  paramyosinogen  (Halliburton),  is  found  in  the  clot. 

Hyosin  was  first  discovered  by  Kuhne,  and  constitutes  the 
principal  mass  of  the  proteids  of  the  dead  mascle,  and  according  to 
a  few  investigators  it  forms  the  greatest  part  of  the  contractUe 
protoplasm.  The  statements  »s  to  the  occurrence  of  myosin  in 
other  organs  besides  the  muscles  require  further  proof.  The 
quantity  of  myosin  in  the  muscles  of  different  animals  varieB, 
according  to  Danilewsky,'  between  30  and  110  p.  m. 

Myosin  is  a  globulin  whose  elementary  composition,  according 
to  CiiiTTESDEN'  and  Cummins,'  is,  on  an  average,  the  foUoving: 
C  52.83,  U  7.11,  N  10.17,  S  1.27,  0  22.03^.  If  the  myosin 
separates  as  fibres,  or  if  a  myosin  solution  with  a  minimum  quantity 
of  alkali  is  allowed  to  evaporate  on  a  microscope-slide  to  a  gelat- 
inous mass,  doubly  refracting  myosin  may  be  obtained.  Myosin 
has  the  general  properties  of  the  globulins.  It  is  insoluble  in  water, 
but  soluble  in  dilute  saline  solutions  as  well  as  dilute  acids  or  alka- 
lies. It  is  completely  precipitated  by  saturating  with  NaCl,  also 
by  MgSO,,  iu  a  solution  containing  94j£  of  the  salt  with  its  water 
of  crystallization  (HALLiBuitTON*).     Like  fibrinogen  it  coagnlatei 

'  Journal  of  Physiol.,  Vol.  8. 

*  Zeitsclir.  f.  phjsiol.  Cheni,,  Bd.  7. 

*  Studies  from  the  Phyeiol.  Laboratory  of  Yale  Coll«ga,  Nsw  HavMi,  vid.  %, 
p.  115. 

*  Journal  of  Physiol.,  Vol.  6. 


JBlW^l 


rssMBxr. 


at  -{-  56°  0.  in  a  solution  containing  common  ttait,  but  difEent  from 
it  since  under  no  circainsbanoeB  can  it  lie  cotirerteil  into  fibrin. 
The  coagulation  totiiporatare,  aocording  to  (^iiirrRNOKN  and 
CtTMJfiNS,  not  only  Turies  for  myosin  of  ditferent  origin,  but  also 
for  tho  aam«  myosin  in  different  suit  solutions. 

Myoein  inay  be  projMLred  in  the  followiug  way,  aa  snggested  by 
BAi.iJBtt»TOK:  The  itiiiM-le  is  firat  extnictod  by  a  5^  maffneainm, 
BDlpbute  solution.  Tlic  filtered  extract  is  then  trented  wicb  mag- 
nesium 8tilplmt&  in  snbHtitnc«  until  lUO  c.  o,  of  the  liqiiM  coiitaioj 
about  50  gnns.  of  the  salt.  The  8o-calleil  }ianimvosiiiogeu  or 
nittsoulin  BBpamles.  The  Cltercl  lit^uiU  is  tlieii  trcHtud  wilii  mag- 
uesinni  sulpnato  until  each  100  c.  c.  of  tlio  liquid  holds  1>-1  gnne.  of 
the  salt  in  soUitton.  The  myoain  which  nov  Bepanitea  is  BItered 
off,  disflolFcd  in  water  by  aid  of  the  retained  fialt,  precipitated  by 
diluting  with  witter,  and,  when  neceiMury,  purified  by  redisaolviog 
in  dilnte-siilt  solution  and  precipitating  with  water. 

The  older  and  [Jcrhaps  the  usual  method  of  preiiaration  r?ou8)sl8f 
according  to  Danilewsky.'  in  extracting  the  nmscle  with  a  S-lOjt 
ammoniuni-chlorido  solution,  prccljiitating  the  myosin  from  tho 
filtratn  hy  strontrly  dilntinf?  with  water,  rediasnlving  the  precipitate 
ill  aniinoninm-cbloride  solution,  and  the  myogiu  ohtained  from  this 
Bolntiou  ia  either  reprecipittited  by  diluting  with  water  or  by 
remoring  the  salt  by  dialysis. 

Ax  the  coagulation  of  tho  blood-plasma  is  considered  by  most 
inTCstigaton  as  an  oDzymotic  process,  so  certain  obserrations  seem 
to  show  that  the  oongolation  of  the  mnsclc-plasma  is  an  analogoai 
proceaa.  From  mnsclcs  which  had  been  kept  for  a  long  time  in 
alcohol  Halliul'hton  obtained,  by  extracting  the  mass  with  water, 
a  soluble  sabstance  contotntnated  with  albamoso  whicli,  although 
not  identical  with  fihriu-ferment,  had  the  property  of  occolorating 
the  coivgniation  of  the  mnscle- plasma.  This  snbstanco  he  called 
*' M»yo«ui-/(»rm*«(."  It  has  been  shown  by  the  investigatJous  of 
Oavazzani,*  that  the  lime-salts  are  of  importance  in  the  coognt** 
tion  of  the  moscle-plasma  as  well  as  in  that  of  tlie  blood. 

As  in  the  blood^phumn  we  have  a  mother-snbstance  of  fibrin, 
fibrinogen,  so  also  it  is  considered  that  in  the  moscle-plasma  we 
hare  a  mother-snbatanoe  of  myosin,  myosiiiogen.  This  body  his 
not  thus  far  been  isolated  with  certainty.  ilAi.Liiirirms  found 
that  a  solntion  of  pnrified  myosin  in  dilute-ttalt  tioliition  (5% 
UgSO,),  and  snfficiently  dilated  with  water,  coagnlates  after  a 

'  ^iiMlir.  f.  i>1ijuol.  Cl>«iD..  lU-  S,  S.  I5& 
*  Mkl^'a  JalinwlMT..  BtL  32,  S.  3SS. 
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certain  time,  and  at  the  name  time  becomes  Acid  and  &  topical 
myosin-clot  separates.  This  aKignlation,  which  ia  accelerated  by 
wiiniiiiig  or  by  the  addition  of  my o«in -ferment,  is,  according  to 
liALLiBCRTON,  a  procees  uiialogous  to  the  coagulation  of  the 
muscle-plasma.  According  to  this  same  inresligator,  myosin  when 
ditieotved  in  water  by  the  aid  of  a  neutral  salt  is  reconverted  into 
uiyoaiiiogoD,  while  alter  diluting  with  water  myosin  is  again  pro- 
duced from  the  myosJnogen.  These  observations  may,  however,  be 
explained  iu  other  ways.  In  these  cases  the  sejmraUou  of  the 
myosin  is  evidently  closely  connected  with  the  liquid  becumiug  acid, 
whllo  the  separation  of  niyoain  from  the  niaacle-plasma,  at  least 
from  the  muscle-plasma  of  the  frog,  ia  indei>endeot  of  tliis  acidity^ 
for  it  may  take  place  before  the  liquid  becomes  acid.  The  mother- 
substanco  of  myosin  and  the  chemical  processes  of  the  myosin 
coognlation  are  qnostions  which  mnst  not  be  considered  as  settled. 

MuMuUn.  called.  I'akawiosisooex  by  IlALUBrRTOX,  is  a 
globulin  which  is  character ize<l  by  its  low  coagulation  temperatnre, 
about  4-  '17°  ^-t  which  may  vary  in  diUerent  species  of  animals 
(-f-  45*  in  Iroga,  +51^  0.  in  birds).  It  is  more  easily  dissolTod 
than  myosin  by  NaCI  or  Mg80,  (salt  containing  50^  water  of 
orystallization).  Musculiii  is  sejiaruted  simultanootisly  with  myoain 
in  the  coagulation  of  the  muscle- plusuia,  and  it  is  therefore  found 
in  the  clot.  A  isolatiou  which  contains  mnsculin  and  do  myoain 
does  not  coagulate  on  the  addition  of  the  myosin -ferment  (IIalli- 
UL'HTOX).  It  the  dead  muscle  is  extracted  with  water,  the  musonlin 
pasBBS  in  part  into  solution.  The  museuliu  may  be  isolated  by 
fractional  precipitation  witli  magneeitun  sniphate  (50  grros.  Uj  each 
lOU  c.  c.  liquid),  and  may  be  identified  by  its  low  coagnlatiou  tem- 
perature. 

MyoglolnthH.     After  the  sopantlion  of  the  mnsculin   and  the 

n  from  the  salt  extract  of  the  muscle  by  means  of  MgHO,  the 

bnlin  may  bo  precipitated  by  saturating  the  filtrate  with 

t.     It  is  similar  to  eerglobulin,  but  coagulates  at  -f  63^  C. 

ut't(TuN).     Mii»mlbumin  or  muscle-albumin,  seems   to  be 

al  with  seralbumin  (aorulbumin  a,  according  to  llAJ^Liora- 

and  is  proiiared  according  to  the  same  method.    Mtjoalbumose 

'^olbumosc)  is  found  in  small  quantities  in  the  muscles,  and 

<Ded  hy  extracting  with  water  the  finely  diridcd  mass 

lioh  has  previously  been  coagulated  by  keeping  in 

Dg  time  (UALUBL'aTOH). 
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After  the  complete  romovaS  from  the  muecle  of  all  proteid  bodies 
which  are  soJublo  in  water  autl  animouinm  chloride.  Damlewsky  ' 
claimfi  that  an  insoluble  proteiU  rcmaJQB  which  only  swells  in 
ammoninra -chloride  Bolution  and  which  forma  with  the  other  insolu- 
ble conalitoentfi  or  the  niiisfiiilar  filire  the  ^' mfnicie-sironta." 
According  to  Oanilkwskt,  tlie  amount  of  such  Etroma substauoo 
is  connected  witli  the  mngcle  activity.  Uo  maintainB  that  the 
mnscleB  contain  a  greater  amonnt  of  thia  anbatancc,  compared  with 
the  myosin  present,  when  the  muEclea  are  quickt)'  contracted  and 
relaxed. 

According  to  J.  TTolmokkn*  this  stroma  sahetance  does  not 
belong  to  either  the  nucleoalbamiu  or  the  uueleoproteid  gronp.  It 
IB  not  a  glycoprotcid,  aa  it  does  not  yield  a  reducing  substance 
when  boiled  with  dilate  mineral  acids,  it  is  very  similar  to  onagn- 
lated  proCeidaand  disaolves  in  dilate  aUcalice,  forming  an  albuminate. 
The  elementary  composition  of  this  substance  is  nearly  the  same 
u  that  of  myosin. 

MuseU'SynioniH,  which  may  he  obtutned  by  extracting  the 
mnsclee  with  hydrochloric  acid  of  I  j>.  m.,  and  which,  according  to 
K.  MuRNER,  i»  hm  soluble  and  has  a  greater  aptittidu  to  pn;ci[)itate 
than  other  acid  albumins,  seems  not  to  occur  preformed  in  the 
mtucles. 

Musele-pigmenfg.  There  is  no  question  that  the  red  color  of 
the  mnsclea  even  when  completely  freed  from  blood  depends  in  port 
on  haemoglobin,  though  it  la  contested  hy  many.  Mal-Muxn' 
clums  chat  the  muneleg  contain  also  another  coloring  substance 
which  is  cloeely  allied  to  the  blood-pigments  and  whose  spectrum  is 
very  similar  to  that  of  hsomochromogen.  ThiA  coloring  matter  has 
been  called  myohtnuHttin.  According  to  Lrvv  '  tlits  myoliftmatin 
is  nothing  hot  hmmnchromogcn,  which  is  produced  from  oxyhtemo- 
globtn  by  decomposition  and  redaction.  Nevertheloas  MacMusk* 
Btill  odhcroa  to  his  view  that  myolm-niatin  ia  »n  indejiondent  color- 
ing anbgtanee,  and  in  support  of  hia  opinion  he  adduces  the  fact  that 
tnyoha^matin  is  found  also  in  the  muscles  of  insects  in  which  no 
hsmoglobin  occutb. 

•  ZeWsthr.  f,   I'hy*iol.,  \\A.  1. 

*  UpMU  LAkarer  FOrli..  IM.  28,  uicl  Mmljr's  Jabrestwr.,  B<1.  33, 

■  Pbi).  TniDs.  of  ibt)  Roy.  Soo.,  16M,  Pan  1,  and  Journul  of  Phyalol.. 
Vol.  8. 

•  KettHlir.  r.  pUjBlol.  tnicm..  Bd.  la 

*  AM.,  Dd.  18.  8.  4»7. 


JfrSCLB. 


Thf  ttfttAx^h-vfUDw  eoinring  iniLtlrrnr  Uih  niaMl«»nf  thi>  Mlmon  hMbmi 
IIIiIk  HtuJinil.  Tmr«9i  of  euxj-itie.4,  hucL  an  [x-pnin  and  diajtiiilii:  eaxfmrt,  hitt 
Iteau  roiiml  in  thvni.  The  »o  caLled  "  iiit-fiM  □  furuieiii,"  and  protMUf'^i 
enzymn  producing  lactic  Kcld  feTmentatinn,  &re  also  ffinail  in  tlieoa  uiflimi. 

Extractive  Bodies  of  the  Hntclei. 
The  nUrogenoua  extmeiives  consist  chiefl}'  of  creatin,  m  tt 
arerage  nf  1i~i  \i.  iii.,  in  th^  frctth  iriiiHcles  containing  water,  sbo 
the  xnnthin  liagnt),  hypox^nthin  iiiul  xanthviy  l>ea'Hles  guanin  ami 
carnin.  Tlie  average  qnuntitim  of  hv]>oxftnthin,  xantliin,  ani' 
gitaiiin  in  1000  jiarta  of  tlie  dried  BubBtuiicc  of  tlie  muscles  of  oim 
are,  acconliug  to  Kussei.,'  respectively  2.30,  0.5:f,  and  0.20  gmu.. 
and  in  the  ombryonio  ox-muscles  rcs]>octively  3. SO,  l.ll,  aod  4.1 
grms. 

Betniilra  tlietie.'  wci  tnuirt  mhtn  connidor  n*  an  oxtnustiTS  body  Xhm  ayrapj  ihMitm 
iKirt  {CiallMN.Otil.  vr  wliloli  oiil;   iimcM  Br**  fuaod  in  iLo  ma^closuf  otrtiiD 
KnimalA     Thia  acid  ■vraa  flraL  prafiared  Iit  l.iatim.*  hui  not  eloseljr  noitfi 
I.niPRtCRT*  has  fauod  aaoClier  In  tLe  deHli  uf  errttiiu  cj^tirindr-a,  uauiH*,  d«j 
DUrut^eniz^d  protic  acid.  i».aii   ^tk»vkiki)*  has  n>c«ntl.v  round   anutlivT  i64i 
faruiraeid.  wliich  frill   bo  triratcd   of  btlow.      I'rif  ariii.  «(■*■■».  tintm.urf'l 
icii^'i  ar<-  found  h»  trn'^os  in  tlii)  inu»clea  in  CAitain  cadea  orily,  ol  a  revt  »(Mtea[ 
of  animnls.     Iti    rctn>Td    Ui    tb«  n:it<>itHt   »f  iliiw-  difT«rFnt  rxwartlres  id  ibti 
muBclev,   KnuKCNBEitG  and  Waoxkk  *  Unvv  sLk^wu  iLat   il  varies  gnallj  kj 
diftcn-nt  nniiiialit.     A  lar^e  i)uaiiLitj  of   urea   i.i   found  In   clii^  innsclnof  T 
eliark  and  rar  ,  uric  actid  U  found  in  alliKutors  ;  taiarLn  in  ccgihalApoda  -  f(f<^l 
</ilt  in  tnolUmk^,  pi>ct«u  irradiJiiia  ;  and  er^alinin   iu    luvarus  imprrUli^  *u*i 
etc.    *ri>f  stalr^mt^tit.H  ari;  vnrjT  C'>niraili(rMr/  In  recant  U>  the  nccnrr«n<K  of  unaj 
in  thf  rniinclws  of  liij^lmr  animals.     According  to  the  recent  inretrtipiiiiiii*™ 
K.vi;fuaj>n*  urea  U  a  rvffular  cooiitiiueiii   of  the   LDUsclea,  iti6  quauillf  i>'] 
ffBBb  mnaclBB  coDtainlng  iratur  li6ing  0.27-0  7  p.  m. 

The  xtinthin  bases,  with  the  c-tcoption  of  carnin,  hare  beaaj 
treated  on   pages    UI2-L08,   and  therefore  among   the  extnctii 
bodies  we  will  first  coneider  the  creatin. 

Creatin,  C,H,N,0,  +  11,0  or  MKTnvLOUANiDiN-ACETic  icil 
KH:{.:(NH.).N((.'H,).CH,.C0(.HlH-H,O,  occurs  in   the  miiBoW' 
of  vertebrate  iinimulB  in  viiriable  amonnts  in  different  species;  it"* 
liir)(OBt  qnantity  is  fonnd  in  birds.     It  is  ako  found  in  the  brais. 
blood,  tran<indatinnH,  and  tho  amniotic  Snid.     Creatin  may  bepr^, 
pared  synthetically  from  cyanamid  and  sarcosin  (metbylglycocoll)f 
On  boiling  witli  buryta-wator  it  decomposes,  with  the  addition' 
water,   and   yields   urea,   sorcosin,   and    certain    other  producb 

■  ZellBchr.  f.  phfaloL  Cliem.  Bd.  6.  6.  408. 

*  Anoal.  d.  Cluim.  u.  Pbamt..  Bd.  63(1847). 
» Ibid  .  BU.  in. 

*  Her   d.  k.  d'  hx.  Ouellach.  d.  Wim.,  Matb.-pllTa. 

•  Z*iwrhr.  f,  Binlr>Ki(.,  M,  51 

•  Arch  de  PliyfioL,  (flj  Totne  0. 
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Because  of  tbia  bebavior  e«rerat  invwtigHton  consider  cretlia  as  s 
step  in  the  formation  of  nrea  in  the  organism.  On  boiling  with 
ucitlfi  creatin  i^  easily  converted,  with  the  elimination  of  wuLor,  into 
creatinine  C^]J,K,0,  which  occura  in  urine,  and  which  has  oJbo  boen 
foand  in  tlie  muiKles  of  tbo  dog  bv  Monaui  '  (see  Cliapter  XV). 

Accordinfc  to  (tr.  Joiinsmm  '  oo  ereatia  oc«an  tn  iba  rrf«b  fleah  nf  oxfn.  but 
ftcrvatinin.  iltfforiiiK  frvim  tLat  fouiMl  in  uria«.  MuMcla-crMtln  U  protluoed 
tli«refrom  \»s  bftctviialnction. 

Crcatin  oiTstallizoa  in  bard,  oolorleas,  mouodinic  prisma  which 
lose  their  water  of  cryataUiuktion  at  10U°  O.  It  dissolves  in  74 
parte  of  water  ai  the  ordinary  tempemtare  and  UllO  ]>nrta  abfiolutii 
alcohol.  It  dissolvee  more  easily  with  the  aid  of  heat.  lU  watery 
aotation  basu  neatral  reaction.  Creatin  is  not  diBaolrcd  bj  ether. 
If  a  creatin  solution  is  boiled  with  precipi  Lati^d  mercnric  oxide,  this 
is  rcduceti,  especially  in  the  preBeuce  of  idkali,  to  mercury  and 
oxalio  acid,  and  the  diagaatiiig-sm^ling  metbylurwnin  (methyl- 
gnanidin)  Is  developed.  A  soliilJou  of  creatin  in  water  is  not  pre- 
cipitated by  bttsic  lead  acetate,  biit  gives  a  wkite,  Ihiky  pnycipitate 
with  meronrous  nitrate  if  the  acid  reaction  is  nentnUixod.  When 
boiled  for  an  hour  witli  dilate  hydrochloric  acid  creatin  is  converted 
into  crojitiiiiri,  and  may  Iw  identified  by  \X&  reiu;tions. 

The  preparation  and  detection  of  creatin  is  best  performed  bj 
the  following  method  of  Xki'bal'kk,*  which  was  first  used  in  tho 
preiwration  of  craatin  from  muscles:  Finely  cnt  flesh  is  extracted 
witli  an  equal  veigbt  uf  water  at  +55"  to  tIO°  C.  for  10-15 
minntM,  pressed  and  extracted  ojc^in  with  water.  The  prot«)ds  are 
removefl  from  the  united  oxtnicts  a«  f ar  hr  postiihle  by  coagulation 
at  boittug  heat,  the  liltrate  precipitated  by  tho  careful  addition  of 
basic  lead  acetate,  tlie  lead  removed  from  this  filtrate  by  H,S  and 
carefally  concentrated  to  a  small  vohime.  The  creiitin,  which 
crystallistes  in  a  few  days,  is  collected  on  a  filter,  wsdhcl  with  alcohol 
of  88^,  and  purified,  when  nec«8»irv,  by  recryatallizution.  The 
quantitative  wtimatiuu  of  creatin  i»  performed  according  to  the 
same  method. 

Camln,  r',n,\.0,  -+-  n,0,  is  one  of  the  substances  found  by 
Weiiiei.*  in  Ameri(;un  meat  extract.  It  has  also  been  found  by 
KstTKBHoeRO  and  WAnNEB'in  frog-mnacles  and  in  the  flesh  of 

■  Mdj'fl  Jklireeber.  Bd.  19.  B.  206. 

>  Proc  R07.  Soa.     Cited  from  Maly'a  Jftfarwber ,  Bd.  8S. 

■ZeitBcbr.  (.  uul.  Clwm.,  Bdd.  3  bbJ  (I. 

•AnriAl.  d.  Ch«ni.  u.  Ptiann.,  B.I.  106. 

» Siuiingsber,  d.  Wqtv,  plijrs.-ined.  UMellaeb.,  I88B. 
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fidie*,  Bod  b,T  PorcBET '  ID  the  Drioe.     Camin  mxf  be  tnnafonncd 
into  hrpoxaDtliin  bj  oxidation. 

Caroin  liu  been  ottained  as  a  vhit«  cT7etaIlin«  maai.  It  tlj*- 
H^Tca  vitfa  difBcaltj  in  ccltl  water,  but  diasolvee  easiJj  in  wann. 
It  is  insoIoUe  la  alcohol  and  ether.  •  U  dissolves  id  wann  hrdro- 
chloric  acid  and  jrields  a  nalt,  vryetalliziiig  in  shiuiog  needles,  which 
gives  a  doable  combination  with  platinum  chloride.  Its  watery 
eolation  ts  precipitated  bjr  itilrer  nitrate,  hut  this  precipitate  is 
neither  di»o|red  by  anunonia  nor  by  warm  nitric  actd.  Camin 
does  not  give  the  su-calied  Weidel's  xantlun  reaction,  iu  watery 
solution  is  precipitated  bj  basic  lead  acetate;  still  the  lead  oombi- 
iiatioiis  may  be  disBolred  on  boiling'. 

Caruin  is  prepared  by  tbe  following  method :  The  meat  extract 
diluted  with  water  is  completely  precipitated  by  baryta-water.  The 
filtrate  ia  precipitated  by  basic  lead  acetate,  the  lead  precipitate 
tx>ilo<l  with  water,  filtered  while  hot,  and  nutphurett^d  hydro^:en 
passed  throngli  the  pirate.  Remove  the  leau  sulphide  from  the 
Bltrate  and  conc«ntrate  .itrongly.  The  concentrated  solution  is  now 
completely  precipitate<l  with  silver  nitrate,  the  precipitate  washed 
free  from  silver  chloride  by  uuimonia,  aud  the  camiu  silver  oxide 
suspended  in  water  and  treated  with  iralpburetted  hydrogen. 

CsrntB  aeU  is  the  nsni«  glvMi  bjr  SiBUPUtGU'  to  iti«  scid  i9olAt«>d  by  him 
fmm  Bw^fti  ertraci  utJ  tnm  tItewKUry  «stmct  at  tb«  mascl«A.  ItliknibA 
fonDiil*  ('i«HiaNV>>.  It  '%*  nadilj-Mlablft  in  wsur.  and  il»  wmrm  BleolMUe 
■Milutitm  depoBita  uadaflti«d  crjvt&IUiie  aurfaoe*  on  cooiin^.  U  d^ivea  «»v«al 
crrailalliiie  fulla,  Muonfprt  wbicb  llio  silTFr  ■oil,  wltb  42.0$  Ktlrcr,  is  of  tbs 
gT«»t««t  itnpQriMic').  ramie  acid  givm  tbe  bturvt  imi,  bat  nM  Millon'a  reae- 
lioa.  and  it  ia  so  vvrj  limilar  to  anttpeptooe  (from  wblob  it  differs  by  not  hsv- 
iag  sulphnf  In  tbc  akolccali')  tkai  giaoFHtao  coniddvr*  U  Mvmieal  tbemmith. 
Kalpliarr>tb'>l  b^drufCQ  ia  oxidiMd  by  carnic  acid  in  ibti  preKoes  of  air  l&to 
Uiioaul pburie^ add  ;  witb  bj-droebtoric  acid  )t  yi«)ds,  b^  addhhn,  a  ver^-  aolid 
«oabiDatinii,  and  with  phnaphortc  acid  it  fonna  an  acid,  pbospbocamk:  add. 
TbL<  la^t-iDeailooed  acid  rorau  lotubis  Mlta  with  otlcloin  aod  inairnvKiiini,  and 
SlSurBnnocKwhfoncaraicaeid  Bsaeubnaaoe  wU^Bfanallaoaoualj  trans|>on9 
|iha^rtioAe  seid,  liine,  t&apMaia,  and  also  irao  [a  the  organism.  Pboepbocar- 
alo  seld  flma  also  a  eombtnatloa  with  Iroa,  wbich  b  lolablc  in  alka:i<^  and 
alkali  carboDSU^  StBomiKO  calls  ancb  a  eoinblnalion  eamtferrta.  Cantie 
acid  occura  to  miucle  extiart^  aa  pboaphoatmiie  acid  ;  bat  as  do  tne  pept^ta 
has  been  keMofore  delected  In  trrah  uniMlea,  It  ia  a  i|ue*tion  wbetlwr  car- 
alo  add  la  a  ph^iob)|rical  cr>uaUtai>tit  nt  muscW  or  ontjr  a  lal>oralion  product. 
AccordlnifioSiinrBiKD*  pbuapbcMwnlc  acid  /ieldacaralc  adil  (aatlpeptooe). 

'  Cited  tnaa  NeHbaurr-flDppen,  Aaalrw  dea  llariu.  10.  AulL,  8.  MS 
f  Ita  Uma-HftTDHMMls  Anb..  PhjraiaL  Abtli.,  18N 
■  Bar.  d.  daut«^  cbeni.  OMalUch..  Bd.  a& 


TJfOSTT. 


369 


pluNtpfaorlc  acid,  »ad  a  e>rbobfdrKt«  im  cleav&f^  products.  Il  tlierpfora  Ki*iidB 
in  clon*  r«latiaO)ihi|)  t4>tltoiiunleiii!>,  nnd  HlROKltlRtt  »uftgKUi>  llg«  aMm«  puraau- 
^ton,  to  Btiow  thi.t  on  cV^va^  tliry  }'i«>ltl  a.  p<4[>lon'e  sulistancc,  Bn-d  Dot  [irotvid 
lQc«  th*  i>amDucltinii. 

Carole  acid  is  best  pntpand  by  proeipitatln^  tbo  sitraci,  wliieb  baa  be«n 
frtTcd  from  proleid,  br  barj'ta- wat«r  al  tbo  ordinary  temiwrature.  bel»^  carafuf 
not  U)  add  an  vic««s,  'Vi>«  filtrale  containa  tli<>  barium  aali  of  tb«  itbuspbucar- 
nic  acid,  wbicli  la  pr«ciiiitnt«d  as  carnlffrria  by  ferric  cbloride  al  llie  iHiiling^ 
TempQTalaro.  Thi*  caruiferriu  bi  itisx>ui{)o»c<l  by  barititn  bydratv  at  90*  CV 
Tito  eicesa  of  barium  is  mnoved  from  tb«  Blt»t«  by  aalphurlc  acid,  ftlwrtMl. 
coDcaatraWd,  and  the  caiiilc  ncid  preclpiuted  by  alcohol.  Tk«  acid  bi  purified 
1)y  repoalcd  procipiiation  witliulcobu). 

We  miiBt  alao  include  among  the  iiitrogenons  extractives  those- 
"bodios  which  were  flrat  discoTorod  liy  <lArTiF.n'  and  which  occtir 
only  ill  verj  small  qtutntitios,  namely,  tho  lonconiainefl,  xftntho- 
erea/inin^  C,H„X,0,  cnisoereatiain,  C\H,?I,0,  amphirrfatinin^ 
C\H„N,0„  wiA  psmdooMnthiny  C\H,N.O. 

In  the  aualyttirt  of  meat  and  for  tlie  detection  and  separation  oT 
tliH  various  extractive  bodies  of  tho  saoio  wo  make  iiuo  of  ihe  svBte* 
Biatio  uietiiod  m  ^iiggtiHted  by  (iArTiEUf*  for  details  of  which  wa 
mnnt  refer  tlio  reader  to  tho  origiDol  article. 

The  aoQ-oitrogenoiu  extractive  bodies  of  tho  mtigcles  are  inoait^ 
glycogen^  dextrou^  and  lactic  acid. 

Inosit,  Cjr,0.  -f  n,0.  This  body,  discovered  by  Schbrbr, 
B  not  a  carbohydrate,  but  belongs  to  the  aromatic  serieo  aiul  seems 
to  be  hoxahydroxy benzol  (Maijucmnk*).  With  hydriodic  acid  it 
yields  benzol  and  tri-iodophenol.  Inosit  is  fonnd  in  the  ninscles, 
liver,  aploen,  kidneys,  suprarenal  cayity,  longs,  brain,  testicles, 
and  in  the  nrine  in  patliolo^iciil  oobob,  and  aa  traces  in  normal 
vrine.  It  ia  found  very  widely  dietribitted  in  the  vegetable  king- 
dom, eBpecially  in  unriiie  fruits  and  in  groen  beans  {phaamhit  vuf- 
ftiria),  and  therefore  it  is  also  calle*!  phaskoma-Knit. 

Inosit  crystatlizos  in  large,  colorless,  rbonibio  crystals  of  tho 
nonoclinic  system,  or,  if  not  jiiire  and  if  only  a  small  qnantity 
crystallizcfl,  it  forms  gronps  of  fine  crystals  simitar  to  cauliflower. 
It  loses  its  water  of  crystiilliBiition  at  110"  C,  alao  if  exposed  to  the 
air  for  a  long  time.  Such  oipnoed  crystals  are  non-transpareut  atid 
milk-white.     The  crystals  molt  at  217°  C.     Inosit  dissolves  in  7.4 


t  Maly'a  Jahtcaber. .  Bd.  16.  8.  S28. 

*  Ibid  .  Bd.  as.  a.  83A. 

*  BalL  de  la  Soc.  cUim.  (3),  Tomo  47  and  48 ;  Comp.  rend..  Tame  104. 
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parts  of  water  at  ordinary  tern p&rn tare,  and  the  solntioD  bos  i 
sweetisli  ia&Ui.  It  is  itisoliiUu  in  Btrotig  alcohol  uod  in  ether.  It 
diMolvea  copper  osvhydrate  in  alknliuc  aolutions,  bnt  doc8  Dct 
rednco  od  boiling.  It  gives  negative  results  with  Muoke*s  te«  and 
with  HtiTTnER-ALMKs'a  bismuth  teat.  It  doea  not  ferment  with 
beer-yeast,  but  may  undergo  lactic-  and  bntyric-acid  fermcntataon. 
The  ]actic  acid  fonne<l  thereby  is  surcolactic  acid  according  to 
HiLOKK,'  and  fermentntion  lactic  acid  according  to  Vohl.'  Inwii 
is  oxidized  into  rbodizonic  acid  by  an  cxceas  of  nitric  acid,  aod  ifai 
following  reactions  depend  npon  this  behavior: 

If  inosit  is  evaporated  to  dryness  on  platinum-foil  with  uitnc 
acid  and  the  rcsldne  treated  with  nuimoniu  and  a  drop  of  calciom* 
chloride  solution,  and  carefully  re-evaporated  to  dryness,  a  heaittiful 
rose-red  reaidne  is  obtained  (Sciierkh's  inosit  test).  Tf  we  empo- 
rate  an  inoait  solntion  to  incipient  dryness  and  moisten  the  reaidne 
with  a  little  mercuric-nitnite  solution,  we  obtain  a  yellowish  rwidne 
on  drying,  which  hf^omes  a  beantifti!  red  on  strongly  heati»g. 
The  colortition  di^ppcara  on  cooling,  bnt  it  reappears  on  genilj 
warming  (<'iALLnis*:s  tnoait  te^t). 

To  prepare  iuosil  from  a  liipiid  or  from  u  watery  extract  oI» 
tiasne,  the  proteids  are  first  removed  by  coagulating  at  boiling  li«t 
T''e  filtrate  is  precipitated  by  sngnr  of  lead,  tliis  filtrate  boiled  with 
basic  lead  acetatu  uud  allowed  tu  »tiuid  'i!-!— 48  hours.  The  precipi- 
tate chug  obtained,  wliii^h  cx>nlaLn8  all  the  inosit,  ia  decomjKKwd  in 
water  by  H,S.  Thu  fthrato  is  strondy  concontratod,  treated  "iili, 
2-4  vola.  hot  aln)iiol,  mid  the  lifjiiid  removed  as  aoon  aa  po«W« 
from  the  tough  or  flaky  masses  which  onlinarily  separate.  U  W* 
crystalii  Rppamte  from  the  liquid  within  'H  honrs,  tnen  treat  mtl> 
ether  until  the  liquid  has  a  milky  appearance  and  allow  it  to  al&ixl' 
In  the  presence  of  a  Butlicieiit  quantity  of  ether,  crystahi  of  ineSit 
scpnruto  within  24  hours.  The  crystals  thus  obtained,  as  also  ilio* 
■wliirb  are  obtAined  from  the  alcolioUc  solution  directly,  arc  rccry*" 
tainted  by  redissolving  in  very  little  boiling  water  and  the  additioP 
of  3—1  voU.  alcoliol. 


% 


Glycogen  in  a  constant  constituent  of  the  living  m^oBcIc,  vl! 
it  may  be  altsont  in  the  dead  muBcle.     The  qnantity  of  glycog*"' 
varioa  in  the  different  muBcles  of  the  same  animal.     Bohm  '  foiiD^ 
If)  p.  m.  glycogen  in  the  muselce  of  cuts,  and  moreover  he  foond* 
greater  amount  in  the  muaclos  of  the  extremities  than  in  those  of 

'  Anii»l.  d.  Cham.  u.  Phnnn..  Bd.  160. 
*  Brr.  d.  dvutKoh.  c\\«m.  G«<3i»llaich.,  Bd.  8. 
'  FflOg^T's  AwU..  iW.  83.  8.  44. 
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the  ramp.  The  food  alao  has  a  great  inflnenoe.  B5f[M  fonnd 
1-4  p.  m.  glvcogen  in  the  miisolea  of  (u^ting  imimals  aud  T-IO 
p.  m.  after  p&rUvkiitg  of  food.  LrcusixoKK  muiotainAatiopituoD, 
formerly  genemlty  accepted,  that  iu  starvation,  or  if  tbero  ia  a  lack 
of  carbohydrates  in  tlie  food,  glycogen  diBappDars  more  qnickly 
from  the  nniades  than  from  thejivcr;  but  according  to  Aldbhofp 
exactly  the  roverae  takes  place.  The  glycogen  diuppeiirB  more 
quickly  in  starvation  from  the  liver  than  from  the  mascle^,  not 
only  in  hens,  as  obseri-eil  by  Weiss,  but  also  in  other  animals,  rach 
as  the  pigeon,  rabbit,  cat.  and  horie.' 

Mnflcle-sngar,  of  whicli  trar-ea  only  occur  in  the  living  mnsclo 
wid  whicli  is  proluibly  formed  after  the  death  of  th*  nuiacle  from 
the  miiacle- glycogen,  ia,  according  to  the  invcAtigntions  of  Pakor- 
vopp,'  probably  dextrose.  As  an  intermediate  step  in  this  sug«r- 
formation  we  must  mention  dextrin,  which  is  sometimes  found  in 
tlie  mnscles.  Perhaps  this  dextrin  has  been  confoanded  with 
glycogen. 

Lactic  Acida.  Of  the  oxypropionia  aoida  with  the  formula 
C.H.O,  there  is  one,  hydnicrylic  acid,  CH,(01I).CH,.C00II, 
which  it)  not  found  in  the  animal  body  and  therefore  has  no  physio- 
logical eheniicjU  interest.  Indeed  only  tr-oxypropionic  acid  or 
etbylidene  lactio  acid,  0H..0H(OH).obon.  of  which  ve  have 
three  physical  isomers,  ia  of  importance.  Th«M  tbraa  ethylidene 
lactic  acids  are  the  ordinary,  opticnliy  inactire  PUBHKirrATiov  lao- 
Tic  ACiit,  the  dextrorotatory  paualactic  or  aABcoLAcnc  acid, 
and  the  L-Evulactic  acki  obtained  by  St'iiAKnixiiKR'  by  the  f^r- 
meubLtioa  of  canc-sngur  by  means  of  a  special  hucillas.  This  litvo- 
laotic  acid  has  also  been  detocted  by  Bl-vcusteis*  in  the  culture 
of  <,•  u'FKvV  tjrphoid  bacillnB  in  a  solntion  of  gugiir  and  peptone. 

Tbe/tfnn«u<u/fi>H  lactic  aeid,  which  is  formed  from  milk-dugar 
by  allowing  milk  to  soar  and  by  the  acid  fermentation  of  other 
carbobyrlnitei,  '\%  considered  to  exist  in  aniall  quantities  in  the 
musolee  (Uki>*tz  '),  in  the  gray  matter  of  the  bruin  (Uscheiplex  *), 
and  in  diabetic  tirine.     Dnring  digestion  this  acid  ia  aUra  found  to 

>  9m  Chapter  VIII,  p.  3tl,  umJ  rvfvranoM  lo  tli»  lltvntura  of  Ol^oogvo  la 
th*  sboTo  cb^pWr. 

*  Zeitwhr.  f.  pttysiol.  Cli«in..  Bd.  17. 
■  MoDat«li«rte  f.  Chem.,  \\A.  11. 

*  Arch.  <l<iN  aeleneM  biol.  d«  St.  PetenboarK,  Tome  1.  p.  19V. 

*  Annal.  A.  t'b.-m.  u.  Ph.mi  ,  Bd.  167. 
•Pdutter's  Ar«ti.,Bd.  8.  &  171. 


78CLB. 

the  ooateota  of  the  stomach  and  ititeetine,  and  as  alkali  loctau:  in 
tbo  chyle.  The  paralaclic  add  is,  at.  all  events,  the  trae  aold  of 
meat  extracts,  and  this  alone  has  been  foand  witlt  certainty  in  devi 
musclo.  The  luetic  ocid  which  U  foond  in  the  spleen,  lympbitie 
glands,  thymus,  thyroid  gland,  blooiS,  bile,  pathological  traiwodi* 
tiona,  oateomalacioriB  bones,  in  perspiration  in  puerperal  ivitr,  ud 
in  the  nrine  after  fatiguing  marches,  in  aciite  yellow  atrophy  of  the 
liver,  in  poisoning  by  phosphorna,  especially  after  extirpation  of  the 
liver  (in  geese  according  to  Minkowski,'  in  frogs  aocordi&g  l^ 
MARrnsH*  and  Wehthkr'),  seems  to  bo  paralactic  acid. 

The  origin  of  paralactic  acid  in  the  animal  organism  hul 
sought  by  several  investigators,  who  took  for  basis  the 
of  Oaouo,*  Minkowski,'  and  Araki,'  in  a  decompoBition 
proteid  in  the  tissnes.  (iAQMO  claims  a  lactic-acid  forniatiou  Iff' 
pasiiing  btood  throngh  the  kidneys  and  lungs,  lie  also  fouad 
0.3-0.6  p.  m.  lactic  acid  in  the  blood  of  a  dog  aft«r  proteid  food 
and  only  0.17-0.31  p.  m.  after  fasting  for  48  hours,  .\ccording  to 
MiXKOvrsKi  the  qaantity  of  lactic  acid  eliminated  by  the  urine  in 
ftniniuU  with  extirpated  livers  is  increased  with  proteid  food,  »liile 
the  administration  of  carbohydrates  has  no  effect.  Araki  has  aim 
shown  that  if  we  produce  a  scarcity  of  o.tygeu  in  animals  {A<^ 
rabbita,  and  hens)  by  poisouizig  with  carbon  monoxide,  by  Ibc 
inhalation  of  air  deficient  iu  oxygen,  or  by  any  other  laeatu,  & 
oonsiderable  elimination  of  lutctic  acid  (besides  dextrose  and  *)*' 
often  albumin)  takes  place  by  the  urine.  As  a  scarcity  of  oxygeD< 
according  tu  the  ordinary  statements,  produces  an  increase  of  the 
proteid  katabulism  in  the  body,  the  increased  eliminatioa  <if 
lactic  acid  in  these  cases  must  be  doe  in  part  to  an  increased  pio* 
teid  destniction  and  in  part  to  a  diminished  oxidation. 

Aha  HI  has  not  drawn  each  a  corcluBion  from  his  experitnenW' 
bat  he  considers  the  abuudant  formation  of  lactic  acid  to  be  due  (" 
a  cleavage  of  the  sugar  formed  from  the  glycogen.  He  found  Ui>' 
in  all  cases  where  lactic  acid  and  sngur  appeared  in  the  nrinf 
the  qaantity  of  glycogen  in  the  liver  and  masclea  was  alirsys 


<  Ardi.  f.  exp.  Path.  a.  Phum..  Bd.  31,  B.  4t. 

*  PflOgvr'a  Arch..  Bd.  SQ. 
•/Md..  Bd.  46. 

*  Uu  Q<:ii«.R«7inosd'8  Arch..  1886. 

«  A«li.  r  exp.  Paih.  n.  Pharm..  Bd.  SI. 

*ZeitKbr.  f.  pbyxiul.  OiKm..  Bd<I.  1».  10,  t?,  and  19. 
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dimiuiabed.  Ue  also  calls  attention  to  tlie  fact  that  Uextroloctic 
acid  may  be  formed  from  glycogen,  ae  directly  observed  by 
i-lKUMXA^'and  aUo  to  the  numerous  obHervutiona  on  tho  formation 
uf  lactic  acid  and  tliecouauniptionof  glycogen  in  muBCular  activity. 
Without  denying  the  possibility  of  ii  fornutlion  of  luetic  acid  from 
|irotei(],  he  statea  that  with  lack  of  oxygen  we  hare  to  deal  witli  an 
incomplete  cgmbnstion  of  the  lactic  acid  derived  by  a  cleavage  of 
ihe  sugar.  IIoppk-Sbylkii  '  alw  pueitively  defends  the  view  as  to 
tlio  fonnation  of  luetic  ucid  from  uurbohydrates.  Ue  is  of  the  riew 
that  lactic  acid  ia  jiroduoud  from  the  carbohydrates  by  tlie  cleavage 
of  tlie  sugar  only  with  lack,  uf  oxygen,  while  with  suQicient  oxygen 
Llie  sugar  Ib  burnt  into  carbon  ditixiOe  and  trater.  The  formation 
of  laotic  acid  in  the  abseuce  of  tr^  oxygen  and  in  the  presence  of 
glycogen  or  dexiroati  is,  according  to  Uoim'K-Sbylek,  very  probably 
B  function  of  all  living  protoptaeni.  We  have  good  ground  for  tho 
assuniptiou  as  to  the  formation  of  lactic  uuitl  from  protetd  as  well 
aa  fmm  rarbohyd  rates. 

The  lactic  acids  are  amorjihoas.  Thuy  have  the  apiwaiunoe  of 
ftoIorleoB  or  faintly  yellowish,  acid-reacting  syrnpa  which  mix  in  all 
pro]K>rtioiis  with  water,  alcohol,  or  ether.  The  salts  are  soluble  in 
water,  and  most  of  them  also  in  alcohol.  Tho  two  acids  are 
differentiated  from  each  other  by  their  different  optical  pro]>erties 
— paralttotic  acid  being  dextrogyrate,  while  fermentation  lactic 
acid  ia  optically  inactive — also  by  their  different  soIubUitiee  and  the 
different  amounts  of  water  of  crystallization  of  the  calcjnm  and  zinc 
salts.  The  zinc  suit  of  fermentation  lactic  acid  diBSolvee  in  58-S3 
parts  of  water  at  H-15"  U.  and  contains  18.18)C  water  of  crystal- 
lizution,  corresponding  to  tlie  formnla  Zo(C',U,0,)^  -J-  311,0.  The 
zinc  salt  of  paralactic  acid  dissolves  in  17.5  parts  of  water  at  the 
above  tomperatnre  and  contains  onlinartly  \i.^%  water,  oorrespond- 
ing  to  the  formula  Zn(C,ll,OJ, -|- iH.O.  The  calcium  ealt  of 
fermentation  lactic  acid  dissolves  in  0.5  parts  water  and  contains 
2^.22^  (=  5  mol.)  water  of  crystallization,  while  oalciam  para- 
laotate  dissolves  in  13.4  partA  water  and  contains  24.83  or  'l^.%\% 
(=  4  or  4J  uiol.)  wat«r  of  cr}'stal1ization.  Both  calcinm  suits 
crystallizo,  not  nnliko  tynwiu,  in  spheres  or  luf  ta  of  ver}-  fine  micro- 
scopic needlee. 

<  Journal  f.  pnkt.  Cb«m.  (N,  F.).  Bd.  90l 

*  Vircbow'i  F«Maebrin,  alao  Bet.  d.  dsuuch.  cImio.  a«»llacb.,  Bd.  $5. 
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Uo?pe-Setler  and  Arari,'  who  faaTe  closel;  studied  th» 
optical  properties  of  the  luetic  aciUa  and  lactates,  coiuiiier  tiie 
lithinm  enlt  as  beet  suited  for  the  preparatioD  aud  rjaoutitatiTe 
CBttmatiou  of  the  lactic  acids.  The  Uthinm  buU  cnntaiiia  7.''t9^  LL 
They  nre  readily  eoltible  in  water  and  crystallize  pure  and  anhydrDtu 
yery  easily  from  boiling  idcohol. 

Luetic  aeiiU  nuiy  bo  detected  in  organs  and  ttssnes  in  tho  fol- 
lowing tiumner:  After  coinjtUte  eitructiori  with  water  the  ptoteid 
is  removoU  by  cougulation  at  boiling  teinpenituro  aud  the  additioo 
of  a  small  quantity  of  wdphtiric  anid.  The  li(|uid  ia  then  ^\v.-x\} 
neatraliEcd  while  boiling  with  canstic  baryta,  and  then  cvaporswd 
to  a  ^yrnp  after  iiltration.  Tlie  residue  ih  prec'ipitiite<]  with  ahwiulf 
aliroliol,  and  the  prccipitato  conipEotely  extractcn  with  alcohol.  Tlie 
akoliol  J8  entirely  diatilleil  from  tiie  niiited  aboholic  extrocta,  and 
the  ncatral  residue  is  Hhaketi  Trith  ether  to  rcmoTo  the  fat.  Tfu 
residan  lit  di^olred  in  water  timl  phoi^phoric  acid  addeil,  Ut! 
repeatedly  ahalion  with  fresh  qnantities  of  ether,  which  ih^oliw 
the  lactic  acid.  The  ether  is  now  distilkd  from  the  sereral  ethf»*l 
extruct-s,  the  residue  dissolved  ia  water,  and  this  solution  carvfuHfJ 
Trarme<l  on  Uie  wator-hath  to  romoTo  the  laat  traces  of  ether  ftni 
Tolatile  acids.  A  sointion  of  zinc  lactate  is  prepare^l  froiD 
fdtered  eohttion  by  boiling  with  zinc  curbonatti,  imd  this  u.  evsj^^ 
oruted  until  crystal  I  ixjitiou  ccminienc&s  and  then  allowed  to  irtwd 
over  Hulpburio  acid.  Au  atialysia  of  the  salts  ib  Qeoeesary  in  oArefni 
work. 

fat  \s  auTcr  abwut  iu  the  muscleei.     Some  fat  is  always  faund 
iu  the  iuterniuticuItLr  counective  tissue;  but  the  luusole-ribrei  theo^l 
selves  also  contain  fat.     The  (quantity  of  fat  in  the  real  mnsdH 
sabistuuce  is  always  snitdl,  ustiatly  aniouutiug  to  about  10  p.  N- ' 
somewiial  mure.     A  cousidemblu  (quantity  of  fat  in  the  mtii 
fihres   is  ouiy   found    iu    fatty   degeucratiou.      tectthtn    is 
habitually  found  in  the  niUHclea. 

The  Mineral  Bodies  of  (he  Mitsrha.  We  have  uo  comf 
auulyae^  of  the  mineral  Biibstatices  of  the  pure,  btood-free  mu' 
sabatftnce.  The  ash  reuiaintug  after  bamiiig  the  muscle,  whico 
amounts  to  alwat  10-15  p.  m.,  calculated  on  tbo  moist  mDKliS  ^ 
acid  in  reaction.  The  largest  constituentiiare  potaasium  and  pl>'*' 
phoric  acid.  Next  in  amount  we  have  liodiuiu  and  magnesiiun,  *^^ 
lastly  calcLuni,  chlorine,  and  iron  oxide.  Sulphates  only  exi^t  t^ 
traces  in  the  muscles,  hut  arc  formed  by  iJie  burning  of  the  prote>^ 
of  the  muBclos,  and  tliereforo  occur  in  abundant  quautitics  id  ^^ 
ash.  The  muscles  contain  such  a  largo  quantity  of  potaaainn  *^'^ 
'  Zoitoelir.  f.  phj»iol    ('h*.ii5..  TW.  90. 
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phoephoric  acid  that  |H)tai»ititii  piKMphate  seemn  to  he  imquesriuii- 
ably  tlio  predoiniiiKLiiiK  FiUt.  l.'hiorine  is  foiiiiri  in  Riirli  iiieignili- 
caiit  quaiicitiee  tliat  ii  ih  {>erlmpfi  deriveil  from  »  contamination  with 
blood  or  iTDipI).  The  4|i)iint.ity  of  miigiiPHtnm  is  Hbont.  dovihle  that 
of  oalciiin).  Tliesu  two  boilies,  aa  well  us  iron,  o<:ciir  ouly  in  very 
small  aiiiounte. 

The  ffiiMs  of  Die  muscles  conu^t  of  larj^e  qnantities  of  rtarlion 
dioxide,  IwBides  trawfi  of  nitrogen. 

Sigor  Hortis  of  the  Mascles.  If  the  inttiienoe  of  tho  cirrnlating 
oxygenated  lilotrd  is  reniOTed  from  the  mnaclafi,  m  aftor  death  of 
tlic  animal  or  by  ligature  of  the  aorta  or  the  nitiBrtte-art^rifiS 
(Stenson's  teat),  Tigor  mortis  sooner  or  later  takfts  plaoo.  The 
onlinary  rigor  apjtoaring  under  those  circonistanct'S  is  exiled  the 
spntitaneons  or  the  fcrmentivo  rigor,  bccaaac  it  seemn  to  depend  in 
part  on  the  artion  of  an  enzyme.  A  mn«cle  may  bIao  tioMime  stiff 
for  other  reasonB.  Th«  mnsRlesmay  bcoomo  momentarily  atiff  by 
warming,  in  the  case  of  frogs  to  40",  in  miimmalia  to  4S-50°,  and 
in  binla  to  53°  C  (heat-rijjor).  Distilled  WBi«r  may  also  prodnco 
a  rigor  in  the  miieclcB  (water-rigor).  Acids  oven  when  very  weak, 
»ach  OH  carbon  dioxide,  may  qnickly  prmitice  a  rigor  (mid-rigor), 
or  huteu  its  appearance.  A  nnmber  of  chemically  different  iiub- 
■tanoes,  sneh  as  chloroform,  ether,  alcohol,  ethereal  oils,  ^'.affein, 
and  many  alkaloids,  prodnco  a  similar  effect.  The  rigor  which  U 
prodnced  by  meana  of  acide  or  other  agents  which,  like  alcohol, 
coagnlatc  proteids  mnst  be  considered  as  prodnced  by  entirely 
different  procesaea  from  those  caiisiug  Bpontancona  rigor. 

The  time  within  which  the  spontancona  rigor  occurs  <lependK 
upon  the  temperatnre ;  a  low  tomperatnro  retarding  and  a  high  tom- 
peratnre  liastening  its  appearance.  Mnsciilar  activity  also  exercises 
an  appwciable  influence  on  the  rigor  of  the  muscles,  for  a  previous 
actiTe  contraction  accelerates  the  rigor  of  the  miiscleo;  the  mechan- 
ical abnse  of  the  nmscles  of  varions  kinds  operates  In  the  same 
way.  The  appearance  of  apont-ineons  rigor  is  nnder  the  influence 
of  the  central  ncrvomji  syatpra,  and  a  muscle  whoso  nerre  has  been 
severed  atiffena  more  ^owly  than  one  whose  continnity  with  the 
central  nerrons  ay-itcm  has  not  i>een  destroyed  (HBRSt.iNN  and  his 

pDpils    V.     ElSBLHRHO,'    V.    OSKIIHE,'   and     BlEKFREUND').      The 

'  PttOfivr'B  An-h.,  B-i.  34. 
'Ibid..  Uii.  35.  S.  4i 
•  IbUl..  Bd.  43. 
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nerrons  system  seema  ftloo  to  hsve  a  similar  iafiaence  on  the  posl- 
fitortein  acidification  of  the  muscles  (Gboss').  Ueruakx  and  bis 
paptU  *  consider  the  rigor  mortis  as  a  final  slowlj  prooeediDg  mascle- 
coatractioii  iUeuticul  with  the  oixliuary  contraction.  Gotsculicb* 
liae  indeed  made  the  statement  that  rest,  activity,  and  rigor  of  the 
iiiusvlet)  are  identical  processes  in  principle.  Thiauaunotat  preBent 
be  poaitiveljr  proven  from  a  chemical  staudpoint. 

When  the  muscle  passes  into  riyor  vturtis  it  becomes  shorter  and 
thicker,  harder  and  nou-transpiLreut,  less  dactile.  The  acid  part 
of  the  amphoteric  reaction  becomes  stronger,  which  iis  cxplaiued  by 
most  investigators  by  a  formation  of  lactic  acid.  There  is  hardly 
Any  doubt  that  thie  increase  in  acidity  may  at  least  in  pari  be  due 
to  a  transformation  of  a  part  of  the  diphosphate  into  mono))ho6phate 
by  the  lactic  acid.  The  atatemonts  in  regard  to  the  occurrence  also 
of  free  lactic  acid  or  not  in  the  rigor  mortis  muscle  are  ooutraUic- 
toiy.'  The  chemical  prooeseea  which  take  place  in  rigor  of  the 
inttBcles,  beeideg  the  formation  of  acid,  are  the  following ;  By  the 
'OMgulation  of  the  plasma  a  myosin-dot  is  produced  which  is  the 
cauas  of  the  Uardeniug  and  of  the  diminished  transparency  of  tlie 
ranscle.  The  appearance  of  this  clot  may  be  hastened  by  the 
gimullanoous  ocunrreoco  of  lactic  actd.  Carbon  dioxide  is  also 
formed,  which  docs  not  seem  to  be  a  direct  oxidation  prodaot,  but  a 
product  of  the  cleavage  processes.  Hkicmann  *  claims  that  carbon 
dioxide  is  produced  in  the  removed  mnsole,  even  in  the  abeence  of 
oxygen,  when  it  passes  into  rigor  mortis. 

Ae  many  investigators!  admit  of  an  increased  formation  of  htctic 
acid  on  the  appearance  of  rigor  mortis,  the  question  arises,  fnun 
what  constituentB  of  the  muscle  is  this  acid  derived?  The  most 
probable  explanation  is  tliat  the  lactic  acid  is  prodaoed  from  the 
glTDOgen,  aa  certain  investigatorei  such  as  Nasse*  and  Wbbtuek.' 
hare  observed  a  doorowo  in  the  quantity  of  glycogen  in  rigor  of  the 


>  Ontralbl.  f.  Pb^siol..  Bd.  t.  S.  9t. 

■  Ses  BkBrfr«iind.  L  e. 

*  MQger'i  Arrh..  Bd.  M. 

■  It  ifl  impossible  to  pni«r  into  details  of  th«  diflpQl«d  strnMrneDts  u  to  Uie 
Ittadlon  of  tbe  muKlca,  etc  We  will  onl;  refer  to  iJ]e  irorka  of  Rahiuana, 
P1ia««r'*  Arcb.,  Bdd.  fiO  and  6S,  uid  Befter,  Arcb.  f.  exp.  Pftlb.  u.  Pbum., 
Bd.91. 

*  Uniaraueliangtii  Qberdea  Stoffweehwl  der  MoakelD,  etc.     BerUa,  1947. 
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muscle.  On  the  other  side,  Buum  '  has  obMrved  cases  in  which  no 
coQsumptioti  of  glyoogea  took  pluce  in  rigor  of  tho  mascle,  nod  ho 
baa  abo  found  that  the  quantity  of  bctic  acid  produced  is  not  pro- 
portional to  th€  quantity  of  glycogen.  It  is  therefore  pos&Ible  that 
tho  coDsomptioQ  of  glycogen  and  the  formation  of  lactic  acid  in  the 
musclea  are  two  processes  independent  of  each  other,  and,  as  above 
stated  in  regard  to  the  formation  of  poralactic  acid,  the  lactic  acid 
of  tho  muscle  may  be  considered  as  a  decomposition  product  of 
proteid.  The  origin  of  the  carbon  dioxide  is  also  not  to  be  sought 
for  in  the  decomposition  of  the  glycogen  or  dextrose.  PflCuku 
and  Stintzino  '  have  found  tliat  in  the  musole  a  sulMtuuce  occnni 
which  evolveK  large  t|uaQtities  of  carbon  dioxide  on  Irailing  with 
water,  and  it  is  probably  this  snbslanoe  which  is  deoom posed  with 
the  formation  of  carbon  dioxide  in  tetanuit  aa  well  uh  in  n^or. 
T16SOT  '  has  observed  a  true  renpirstion  in  removed  muscle,  whicli 
is  indeiKsndeiit  of  the  patrefactive  processes,  and  by  wtiich  oxygen 
is  absorbed  and  carbon  dioxide  olimiuated,  this  being  contrary  to 
[lunu.\NN's  asBertiou.  The  carbon  dioxide  oliminutud  origitiatee 
from  two  Eouroes.  A  part  is  preformed  in  the  muscle  and  is  only 
physically  evolved  carbon  dioxide,  and  another  part  is  formed  in  Uie 
remoreil  muscle. 

After  the  muaclee  have  been  rigid  for  some  time  they  relax  again 
and  the  nmsclee  boconio  softer.  This  is  in  part  prodncod  by  tho 
strong  acid  dissolving  the  myosin  clot  and  in  part,  and  in  all  prob- 
ability mainly,  u))on  tho  commoacemcnt  of  putrefaction. 

Ketabolism  in  the  Inactive  and  Active  Masoles.  It  is  admitted 
by  a  number  of  prominent  inveetigators.  PKLt'tiKiiand  Colasanti,' 
ZusTZ  and  RtiuBii;,'  and  others,  that  the  exchange  of  material  in 
the  muscles  is  regnlatcd  by  the  norrons  system.  Wlien  at  rest, 
when  there  is  no  mechanical  exertion,  we  have  a  condition  which 
ZfSTZ  and  Rjiutuo  have  designated  ^'- chemicai  tonHs."  This 
tonus  SQcms  to  bo  a  reflex  tonus,  for  it  may  be  reiluoed  by  discon- 
tinning  the  connection  between  tbe  mnsclee  ami  the  central  organ 
of  the  nervous  system  by  cutting  through  the  spinal  oord  or  the 


•  PflOger'i  Anh..  Bdd.  33  w»l  46. 

•  /ft6t.  Bd.  18. 

■  .\rcli.  d«  PhvBiol..  S«r.  R.  Tom«  7. 

•  See  the  wor^  of  Pllflgcr  toil  hu  pupils  In  P&Q^f  r"!  Arch.,  Bdd.  4,  18, 
14.  14.  18. 

*Ibid..  B4.  4.  8.  57  ;  iIm  ZunU  .  ibid..  Bd.  U.  8.  SS3. 


DiDfiole-nerres,  or  bj  jmralyzing  the  eaine  by  means  of  cnrara  poison. 
It  may  also  be  reduced  or  cbeckud  by  adjuetiog  Lbe  temperature 
between  tlie  skiri.  uiid  the  surrounOitig  medium;  or  it  muy  be 
increiieed  by  the  revoree,  by  irritating  the  nervee  of  the  nkin  by 
oooling.  The  poKsibilitT  of  reducing  the  chemical  tonus  of  the 
luiiftcles  by  any  of  the  aboTc-nieuiioned  moans,  but  os|)euially  by  Uie 
action  of  cnraru,  offers  an  important  means  oC  deciding  the  extent 
and  kind  of  chemical  processes  going  on  in  the  niueclea  when  at 
rest.  In  coniparatirc  chemical  inrestipitinn  of  the  proccsscB  in  the 
active  and  the  inactive  mnecles  several  methode  of  procedure 
have  boon  adopted.  The  removed  homologoiiii,  active  and  inactiva 
muscles  have  l)eon  compared,  also  the  arterinl  and  venous  ninscle- 
blood  in  rest  and  activitT,  and  lastly  the  total  exchange  of  material, 
the  peocipts  and  oxpendltnrce  of  the  organism,  }mve  been  invoeti- 
gated  under  these  two  conditions. 

By  invcsUgntiona  aocerding  to  these  scveml  methods  it  has 
been  found  that  the  active  muBcIe  takes  np  oxygen  from  the  blood 
and  returns  to  it  carbon  dioxide,  and  altw  that  the  ifuantity  of 
oxygen  taken  up  is  greater  than  the  oxygen  contained  in  the  carbon 
dioxide  eliminated  at  the  same  time.  Tlio  muscle,  therefore,  holdii 
in  some  form  of  combinatiou  »  part  of  the  oxygen  taken  up  while  at 
rest.  During  activity  the  exchantre  of  material  in  the  mnscle,  and 
therewith  the  exchange  of  gas,  is  iuereased.  The  animal  organism 
takes  up  oonsiilerably  more  oxygen  in  activity  tban  when  at  rest, 
and  climinatea  also  considerably  more  carlwii  dioxide.  The  quan- 
tity of  oxygen  which  leaves  the  btKly  as  carbon  dioxide  during 
activity  is  considerably  larger  than  the  ({uaiitity  or  oxygen  token  np 
at  the  Bame  time;  and  the  venoos  muBcie-blood  is  poorer  in  oxygen 
and  richer  in  carbon  dioxide  during  activity  than  dnring  rest. 
The  exchange  of  ga^es  in  the  muscles  during  activity  is  the  reverae 
of  that  at  rcAt,  for  the  active  mnsclo  gives  up  a  quantity  of  carbon 
dioxiflo  which  docs  not  correspond  to  the  quantity  of  oxygen  taken 
np,  but  ii  congiderahly  greater.  It  follows  from  this  that  in 
mnscnlar  activity  not  only  does  oxidation  take  place,  bnt  also  Bplit> 
ting  prooesBCS  occur.  Tliis  follows  also  from  the  fact  that  removed 
blood'free  ninsoles  when  placed  in  an  atmosphere  devoid  of  oxygen 
oon  labor  for  some  time  aud  also  yield  carbon  dioxide  (Hebmann*  '). 

Dnring  muscular  inactivity,  in  the  ordinary  sense,  a  ronsnmp- 
tion  of  glycogen  takeia  plaoe.    Thiti  is  inferred  from  the  observations 

'  L.e. 
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of  sereral  inrentij^ton  that  the  qaantitj  of  glycogen  ia  increaaed 
and  its  rorres[>nnding  conftumption  roduood  iu  thou  maM-le^  vhose 
chemical  tonas  is  reduced  either  bj  cutting  chroogh  the  nerre  or 
for  otlier  reftftone  (TIbrsard,'  Chandklok,*  Wat,*  and  others). 
In  actiTity  this  consumption  of  glycogen  is  increased,  and  it  baa 
been  positively  proved  by  the  redearchea  of  aereral  iaveetigatora 
(Nasse/  Weiss,*  KClx,*  MARntsR,'  MAKrHB,*  Morat  sod 
DrFOi.'R*)  tli»t  the  quantity  of  glycogen  in  the  mtiectes  iu 
activity  decre»mi;  quickly  and  freely.  By  investigating  with  th» 
mnsclee  in  «i7u,  especialty  on  the  levator  labii  guperioru  of  a 
hOTse,  CnATVEAP  and  Kaitphann"  hare  not  only  conlirmed  the 
above  facts  in  regard  to  the  exchange  of  gas  during  rest  and 
activity,  but  tbey  also  found  thai  the  muscles  remore  augur  from 
the  blood,  and  indeed  considerably  more  during  activity  than 
when  at  rest.  Tbey  fonnd  (caloulatiiig  the  amouit  foond  in 
1  gramme  of  muttcle  per  minute  to  1  kilo  per  hour)  that  1  kilo 
of  muBcle  removes  2.18B  gririg.  Bugar  from  the  blood  per  hour 
during  rest,  while  it  removes  8.410  grraa.  per  hoar  iu  activity. 
Strong  objeotioQft  to  the  conchieions  dmwn  from  these  experi- 
ments have  been  made  by  Sreurn":  although  these  experimeots 
may  not  be  quite  conclusive,  BtUl  it  cauuot  be  denied  that  ou 
ittcreaaed  consumption  of  sugar  takes  plaoe  during  activity.  Other 
investigaiors,  such  m  QnsijPAifD,"  Morat  and  Dui-om,  have 
observed  acousumplion  of  the  sugar  derived  from  the  blood  during 
work,  and  fiuHlly  iu  this  uonuoctiou  we  muet  recall  that  Seegen  '* 
and  still  earlier  Cuai'veac  have  lome  to  a  similar  concloAion  by 
special  inreiiligations.  According  to  Heedbx  the  blood^augar  is  on 
tlie  whole  the  source  of  heat  and  work,     Seeobn  "  haa  detenninod 

'  CompI,  rend. ,  Tome  48,  p.  878. 

*  PSn^r**  AnOi.,  Bd.  18. 

■  Arch.  f.  cxp.  PsUi,  a.  Plwrm.,  Bd.  84. 

*  PBOirer-e  Areb..  Bd.  3. 

*  Wivo.  Sitsuiigtlwr..  Bd.  94.  Ab(b.  1. 

*  See  EQh  in  Ludwi^'s  FMtoebhtL    Marburg,  189L 
^PflDgflr-8An:h..Bd.  W. 

■  S^itAchr.  f.  Hiolo^o.  Bd.  SS. 

*  Arcb.  de  Phyaiol.  (8)  Bd.  4. 

■•  (.Vmpt    nnid..  Tomr,  108.  104,  and  lOSi 
"  C«DlT»lbl,  t.  PhTfliol.,  Bd,  8.  8.  417. 
■•  Maly-s  JabraetKT..  Dd.  16.  S.  S31. 

■*  Dm  ZuiJLttrfailduDg  iui  TbierkOrpvr  (Berlin,  IB&O),  ud  PflO^r's  Arch., 
Bd.  SO. 

■*  Centrklhl.  f.  PbjiOol.,  Bd.  B.  and  Dti  Boift-Keyinood's  Arch.,  1899, 
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the  quantity  of  aagar  in  the  arterJHl  and  veDOus  blood  of  the  muscle 

during  rest  and  when  directly  or  indirectly  irritated,  but  obtained 
nocouBtajit  results.  Uu  found,  on  the  contrary,  generally  a  very 
considerable  connumptioa  of  the  glycogen  in  the  active  □iQBote&. 
8k£gi:n  calculatos  Uiat  In  Uiu  experinientii,  with  tiie  ussumption 
that  the  glycogen  vrwi  completely  oxidized,  the  glycogen  in  great- 
«Bt  part  served  us  heat-former  and  only  to  a  saiall  extvnt,  in  most 
cutstiB  6-10^  of  its  store  of  t>nergy,  at  mechanical  work.  The  entire 
quantity  of  glycogen  in  the  animal  body  is.  according  to  Beeoes, 
only  Builloient  to  supply  a  small  fraction  of  the  mechanical  irork  of 
llie  body,  and  the  most  inijiortant  eouro«  of  mechanical  work  and 
of  heal  iiiw,  aiTording  to  him,  id  tlio  blood-augar. 

The  amjiltoteric  reuRtion  of  the  iDactive  muscloa  ia  changed 
during  activity  to  un  acid  roa^tion  (Di'BoiB-ItEVMONi>  and  otiioi-s), 
and  the  acid  roaciion  incroascs  to  a  coituin  point  with  the  work. 
The  quickly  contracting  pale  mnscloa  produce,  according  to 
OiiKisa,'  more  acid  during  activity  than  the  more  slowly  contract- 
ing red  musclee.  The  acid  reaction  appearing  during  activity  was 
formerly  considered  due  to  the  formation  of  lactic  acid,  a  view 
which  has  been  contradicteil  by  AsTASCHEWsKif,'  PplOobb  and 
Wakukn,'  who  found  less  lactic  acid  in  the  tctanized  muscle  than 
vrhon  at  rest.  Konaui  *  aleo  found  a  decrease  in  the  quantity  of 
lactic  acid  during  activity,  and  acconling  to  IIkkcuk*  the  quantity 
of  lactic  acid  in  the  muscle  is  diminished  in  tetanus  prodnced  by 
poison.  Contrary  to  these  iuvustigatiouB  Makcl'sk*  and  Wkkthkh' 
have  been  able  to  prove  the  formation  <;f  luetic  acid  during  activity; 
8till  the  statements  arc  very  contrmlictory.  Other  observaiioug 
speak  for  a  formation  of  lactic  acid  during  activity.  Thus 
Si'lito'  found  an  increase  in  the  quantity  of  liictio  acid  in  the 
blood  during  work.  Colasanti  and  Mosiatelli'  found  small 
quantitioa  of  lactic  acid  in  human  urine  after  atrennous  marches, 
and  Wbktuer  ubeerved  abundance  of  lactic  acid  in  the  uHdc  of 

'  PHHgn'B  Arch.,  Bd.  41. 
*ZeiMebr.  f.  phjslol.  Cham..  Bd.  4. 
»  PflOg^r's  An^h..  Bd,  S4. 

*  Mnly'a  Jahmbrr.  Bd   IB.  8.  SOS. 

*  Afcb.  t. exp.  Pitb.  u.  Pliim.,  Bd.  SI. 
•L.  c. 

*  PflOgtr'B  Areb..  IU\.  H. 
*ZeltACbr.  f-  pltjrsiol.  Cbfun.,  Bd.  1. 
»M*lr-a  jAbr«flber..  Bd.  V..  S.  SIS. 
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rtor  tctonizutioa.  According  to  IIoi'Pk-Sbyleb,'  oq  tbo 
coutrory,  in  agreement  with  his  view  in  regard  to  the  formation  of 
Itictic  acid,  a  formation  of  lactic  acid  docs  not  take  place  regiiLarljr 
daring  work,  bnt  only  when  inaullicient  oxygen  ie  supplied.  Ziu.k- 
ifps '  has  alflo  found  that  on  artificiallv  cutting  off  the  oxygen  from 
Ae  moBcIca  during  life  more  lactic  acid  was  formed  than  under 
normal  conditions. 

It  ia  evident  that  the  experimenta  with  the  muscles  in  »\tn,  in 
otfaor  words  with  muscles  through  which  blood  is  pafising,  caimot 
yield  any  conclusion  to  the  above  cj^ueetiou,  as  the  lactic  acid 
formed  during  work  may  perhaps  he  removed  hy  the  blood.  The 
Following  objections  can  \ie  made  against  thoac  pxperimeuts  in 
which  lactic  acid  has  been  found  after  moderate  work  in  the  blood 
or  the  urine,  as  also  especiiiily  againet  the  experiirieutB  wit);  re- 
moved active  muscles^  namely,  that  in  these  cases  tlie  supply  of 
oxygen  to  the  muscles  wua  not  sufficient,  and  that  the  laotio  acid 
formed  thereby  it*  not,  Porre8[K)ndiug  to  the  views  of  Hoppf.-8e\lf.B, 
a  perfectly  normal  process.  The  question  as  to  the  formation  of 
lactio  auid  in  the  active  muaole  under  perfectly  physiological  con- 
ditions is  still  an  o[ten  one. 

According  to  Wgyl  and  Zbiti.br,' the  active  mnscte  contains 
more  phoephoric  acid  (in  part  formed  by  the  decomposition  of 
lecithin)  than  the  inactive  muHcle.  As  in  the  dead  muscle,  so  in 
the  active  muscle,  the  somewhat  stronger  acid  reaction  is  in  part 
dne  to  a  greater  quantity  of  monophospltHte. 

The  amount  of  protcids  in  the  reuioved  miiaclea  la,  aooording 
to  the  older  investigators,  decrciised  by  work.  The  correotneBS  of 
thia  gtatement  is,  however,  Llinputed  by  otlier  iuvestigatora.  Also 
the  older  statemenr^  in  regard  to  the  uitrogenoti»  extractive  bodiett 
of  the  muscle  in  rest  and  in  activity  arc  uncertain.  According  to 
the  recent  researchefl  of  Mokart,'  tho  total  r|uantity  of  creatin  and 
creatinin  is  mcrr-ascd  by  work ;  and  indeed  the  amount  of  creatinin 
is  especially  augmented  by  an  cxceatt  of  muscular  activity.  The 
creatinin  is  formed  essentially  from  the  creatin.  In  cicessiTc 
ar:tivity  Monari  al.40  found  xan  tho*  creatin  in  in  the  muscle,  »ud 
the  quantity  was  one  tenth  of  that  of  the  creatinin.     Tho  quantity 

■  L.  c.  uid  ZsitMhr.  f.  physiol  Chom.,  Bd.  19,  B.  470. 

<  ZmUclir.  i.  pbj«iol.  Cheai.,  Bd.  18. 

•  Z«lttcbr.  r,  pliTniol.  Cben..,  B.l   6.  S.  M7. 

*Mal7'B  J^resbt-r.,  Bd.  19.  S.  $»6. 
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of  xantfain  bodies  is,  according  to  Mokari,  decrt-aeed  under  Uif 
inflneuce  of  work.     It  seems  to  have  bt>en  poaitivel^-  dboim  that  th« 
activo  mascle  coDtalnei  a  smaller  ^tiautity  of  bodies  soluble  in  water 
and  a  larger  ({uauttty  of  bodies  soluble  in  aloohol  than  tho  reiUiig 
musntti  (IIelmiioltz).' 

Ad  atU.'mpt  has  been  niwle  to  solve  the  qaeation  relatrve  to  tht 
bohavior  of  the  nitrog^-nized  constituents  of  the  muscle  at  rest  vxA 
daring  lurtivity  by  deU'rntintng  the  total  quantity  of  nitrogtm 
eliminated  under  these  ditlerent  oonditions  of  the  body.  WbiU 
formerly  it  was  hold  with  Libbio  that  the  elimination  of  nicraget 
by  Iho  urine  was  increased  by  muscular  work,  the  reecorches  of 
eevcral  expcrimentera,  espcciiilly  thoao  of  Voit'  on  dogs  luid 
pKTTBNKOKBK  Aod  Voit'  on  mcD,  havB  led  to  quite  differeot 
rei^iiUa.  They  have  tthown,  as  Iiaa  alao  lately  been  conGnncd  bf 
other  investigators,  eapeciiilly  HlRSCBPBLD,'  lliat  during  work  no 
inorcaso  or  only  a  very  insignificant  iuoreuao  in  the  oliminatioo  of 
nitrogen  takes  pluoe.  \Vu  should  not  uniit  to  mention  the  fut 
that  II  ecrieri  of  c^x  peri  men  Is  haa  been  made  showing  a  significaiU 
inorcuse  in  the  metabolism  of  proteids  during  or  after  work* 
We  hare  iis  example  the  obaervations  of  Flint*  iind  Paw*  on  a 
pedpBtmn,  v.  Wulpp,  v.  Flinke,  Kreuzhaue  and  KEu-XKit'  on 
a  horse,  and  lately  those  of  AmHTiNSKY*  and  KHiTiiMAcnEB'wi 
them^elTes.  which  show  an  tindoubted  increase  in  the  eliminalioii 
of  nitrogen  during  or  after  work. 

The  elimination  of  nitrogen  is  mainly  dependent  opon  caiutt 
whioh  will  l»c  Hpoken  of  later  (Chapter  XVIII},  such  as  tliequftntilj 
and  (tom|>oeition  of  the  food,  the  condition  of  the  adipow  tt«Q^ 
the  action  of  work  on  the  respiratory  mechanism,  etc.,  etc.,  all  ef 
which  can  hanlly  have  received  sufficient  consideration  io  thfl  h*^ 


>  Arab.  r.  Aoat.  a.  PbrsloL.  1840. 

*  UDter<ucliung«n  Dher  i)«r)  KintluM  dos  Kocb9*I««a,  dea  KaRmm  anitd* 
Hu«heIlioW€giing«n  nuf  dcD  HtoOnocliAe]  (MUncbcu.  1060).  uid  Zaitachi.  (■ 
BialoK»^.  Bd.  3. 

*  Z«itNclir,  t   BLuIogw.  Bd.  S. 

*  Virrliow'.  Arcb..  BH.  181. 

*  JonrD&l  of  Anat.  uid  Plivsiol.,  Vols.  11  ud  IS. 

*  Tbd  UiKxtt.  ISTft  uid  1877. 

*  Cited  hj  Toil,  in  Harmaan'B  Haadbucb,  Bd.  6,  S.  107. 
'  PtIOffers  Arcb.,  Bd.  40. 
•i*»d..  B.J.  47. 
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mentioned  eiporiineat«. '  The  strong  proof  which  Uie  rery  earsFul 
oxj»erimenU  of  Voit,  of  Pettejjkofeb  aud  Voir,  and  of  Hiiuicti- 
PELD  furniiih  in  support  of  this  tbuory  i£  hardly  uffoeUnl  by  Uitso 
investigatioDs,  though  we  must  idmit  that  tbia  r^neeiion  is  still  somc- 
vhat  nDSetUed.  Even  if  we  cousider  tho  question  that  musculiLT 
work  dow  not  cause  any  imireasc  in  the  olimination  of  nitrogen  as 
quite  posittrely  prorcd,  still  we  do  not  ozcludo  the  possibility  of  nu 
increased  motabolism  of  jtrotcida  in  Iho  niusclo.  It  is  poiisiMu  on 
ucoonnt  of  the  functional  exchange  action  of  Uic  orguiis,  of  nhiuh 
Rankb*  has  mode  a  apodal  study,  that  an  increased  metabolism  of 
proteid  in  the  iniitKilea  may  bo  (»nipeiisiiiud  by  a  simullunodus 
deoreosed  metabolism  of  proteid  in  other  orgtins.  Boi  however  this 
miiy  be,  the  modern  view  is,  no twitlia landing,  that  the  metabolism 
of  proteid  in  the  muscle  is  not  increased  by  activity. 

Tbe  quantity  of  metabolic  prodocta  containing  sulphur  may 
also  be  a  measaro  of  tho  extent  of  the  met&boliam  of  proteids, 
and  this  quantity  may  be  determined  by  eetimating  the  t>iiplmr  in 
the  urine.  An  increase  in  the  elimination  of  sulphur  after  work 
has  been  obeerved  for  a  long  time  by  ENGBUiAifN.*  and  also  by 
Flint  and  Favy.  As  aulphurio  acid  and  also  non-oxidized  huI- 
phar  are  eliminated  by  the  urine,  it  is  necessary  to  determine  the 
total  sulphur  eliminated  during  work  and  after  work.  BicK  and 
Kekkdikt*  hare  maile  invwtigationH  of  Uiis  kind,  and  thoy  fiml 
that  the  elimination  of  aulphnr  is  inoreasod  by  work  and  iliniinitthed 
after  work,  wbioh  speaks  for  an  inereaaed  proteid  metabolism 
during  work.  I.  MrxK  '  by  oliservalionri  on  rtisting  nnd  working 
persons  has  given  further  proof  that  the  eliniinaUnu  of  uitri>j;en 
and  sulphur  (also  phosphoriu  acid  and  potash)  ruim  parallel  with 
the  metalwltsm  of  proteid.  The  increased  elimination  of  sulphur 
was  net  in  tbe  neutral  aulphnr,  but  neoHy  entirely  in  tlie  oxidixed 
sulphur. 

Tho  invettigationa  on  the  amonnt  of  fat  in  removed  mnsrles 
during  activity  and  at  rest  have  not  led  to  any  definite  results. 
The  metabolic  experiments  of  Voit  on  a  starving  dog,  and  those  of 

>  8«ii  Voit  in  Il«mi>nn>  Handbucb,  Bd.  6,  Kap.  S.  Ab«c]in.,  9;  I.  Mauk, 
Da  Boi»<llfl7iiioD()'8  Arch..  1990;  uiil  HIrechfeld,  L  c 

*  Dio  Blntvsrtlielltuig  uud  dcr  7'bAtigkciuwMbaol  <lvr  Orguia.  Leipsif, 
1871. 

>  Do  Bo]R-K«jrooad*EiAreti..  1871. 

•  I'fltlgBr'*  Arch..  Bd.  St 

■  Vetbaudl.  d.  phjsioL  QfiMllitcU.  sn  BsrUa,  1894-85. 
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PBTtEKKOPER  and  VoiT  on  a  man,  offer  atrong  proofs  to  ahow  tlii 

an  inereased  decomposition  of  the  fat  takt>8  pUce  during  actiTiiy. 

If  the  results  of  the  inTt»tigatious  tlm^  far  made  of  the  chemical 

procMBOS  going  on  in  the  active  and  inactive  masole  were  colleclal 

together,  wo  would  find  the  following  churacteriatics  for  theacliw 

muscle.     The  uutivo  muBcle  takes  up  more  oxygen  and  gives  cfl       i 

moro  carbon  dioxide  than  the  inactive  muscle;  still  the  eliaiiiistioD 

of  carbon  dioxide  is  increased  considerably  more  than  the  abaorptna 

CO, 
of  oxygen.     The  respiratory  qnotient,  ~^'  ia  found  to  be  regularly 

raised  during  work  ;  still  tbifi  rise^  which  will  be  explained  in  dmil 
in  a  following  chapter  on  metabolism,  can  hardily  be  conditione<J  ca  ^j 
the  kind  of  proccsfies  going  on  in  the  muscle  dnring  octirity  with  t^^f 
anfficient  supply  of  oxygen.     In  work  a  consumption  of  carboliy-  ~ 
dratea,  glycogen,  and  sugar  takes  place.     A  consumption  of  Btigor 
aeema  only  to  have  been  shown  in  musclo  with  blood  circulauoii. 
while  a  coneumption  of  glycogen  also  haa  been  observed  in  remond 
mnsclo.   The  acid  reaction  of  the  muscle  becomes  greater  with  wofi. 
In  regard  to  the  extent  of  a  re-formation  of  lactic  acid  opinion  is 
divided.     Respecting   the  behavior   of   fate   in    removed   mnsci* 
nothing  ia  known  with  certainty,  though  an  increase  in  the  con- 
sumption of  fat  in  the  organism  has  been  observed  in  certain  cmu 
during  activity.     An  incrcaao  in  the  nitrogenous  extractive  bodia 
of  the  creatin  group  seems  also  to  occur.     In  regard  to  the  proteid 
bodies  the  views  ore  contradictory  ;  bnt  an  increafiod  eliminatiaaj 
of  nitrogen  as  a  direct  consequence  of  muscular  exertion  baa  thslj 
far  not  been  poaitivdy  proved. 

In  close  connection  with  the  above-mentioned  facu  we  have  Oio 
queetion  aa  to  the  origin  of  muBcnlar  activity  so  far  as  it  hai  i* 
origin  in  chemical  processes,  In  the  past  the  genenUly  accepud 
opinion  was  that  of  Liebig,  that  the  source  of  muscular  action  con* 
siatod  of  a  metaboliem  of  the  proteid  bodies;  to-day  another  gc^«^ 
ally  accepted  view  prevaile.  Pick  and  Wislicexus  '  climbed  the 
FuuLhom  and  calculated  the  amount  of  mechanical  force  expended 
in  the  attempt.  With  this  they  compared  the  mechanical  eqain* 
lent  trauefonned  id  the  same  time  from  the  proteids,  calcnlattd 
from  the  nitrogen  eliminated  with  the  orine,  and  found  that  tlie 
work  really  performed  was  not  by  any  uieana  coDipensatod  by  tiu 

'  TlerteljAlinKlir.  <1.   Zaricli.  naiurf,   QcKellscli..  Bd.   ID.     GtcdfraBOw- 
JbL  f.  •).  n«0.  Wiao..  1866.  S.  90». 


80UR0K  OF  MUSCULAR  FORCE. 


consmnption  of  proteid.  It  wu  Lhercfore  proved  by  tliis  that  pn>- 
tcida  ulonc  ciuiiiot  Iw  the  source  of  nuiBcular  activity,  ami  t!i»t  tins 
depends  iii  groiii  nieoauro  on  Iho  metabolifim  of  non-nitrogonoua 
sabstoncea.  Many  other  obaetrations  have  led  to  the  name  result, 
eDpecially  the  experimente  of  VoiT,  of  PErrKNKOPKR  tind  Voir,  iind 
of  other  inveBtigatoi-s,  vhose  exjitirimuuts  tthow  tliut  wliile  the  elim- 
ination of  nitrogen  remains  unchanged,  the  ulimination  of  carbon 
dioxide  during  work  is  very  considerably  incnMitwtl.  It  is  al<M> 
gc-ncrally  considered  as  positirely  protod  that  muscular  work  W 
prodoccd,  at  least  the  grcflt.e8t  part,  by  the  metabolism  of  noD- 
nitrogeuouB  anbstances.  NcTertheless  we  are  not  warranted  in 
the  statement  that  mugcnlar  actirity  is  prodaced  entirely  at  the 
cost  of  the  non-nitrogcuou8  substances,  aud  that  the  proteid  bodied 
are  irithont  importance  as  a  source  of  force. 

The  recent  invt^Ligatioiis  of  PKLt'uKtt '  are  of  gre<at  interest  io 
this  connection.  He  fed  a  bulldog  for  more  than  7  months  with 
meat  which  ulonc  did  not  contain  sutticieut  fat  aud  carttoh^draltw 
for  the  production  of  heart  actiTity,  and  then  let  hiin  work  very 
hard  for  periods  of  14,  36,  and  41  days.  The  positive  reeulta  ob- 
tained by  these  series  of  experiments  was  that  "  complete  musonlar 
aoiivity  may  be  elTected  to  the  greatest  extent  in  tlie  absence  of  fat 
and  carbohydrates,"  and  the  ability  of  proteida  to  serve  as  a  source 
of  muficular  energy  cannot  be  denied. 

Among  the  non- nitrogenous  bodies  we  must  accord  to  oorbohy- 
dralc«,  glycogen,  and  sugar  the  first  place  as  sources  of  force. 
That  the  fats  are  also  to  be  considered  as  a  source  for  force  is  very 
pro1>able,  and  the  reAearcheaof  VoTT*on  starving  and  working  dogs 
give  support  to  this  theory.  The  view,  sa  accepted  by  several  in- 
vestigators, that  all  three  chief  groups  of  organic  food  or  muM:Io 
coustitueuts  muy  iierve  as  source  of  force  seems  to  be  true.  A  few 
investigators  are  of  the  opinion,  as  formulated  by  Btrx«B,*  that  the 
mnscleslir^t  cousume  the  supply  of  uon-uitrogenous  nutritive  bodies, 
and  that  the  proteids  are  only  secondarily  attacked.  rpLt'OBK  is. 
on  the  contrary,  of  the  oppoaite  opinion.  According  to  htm  no 
muscular  work  takes  place  without  adccomi>o«ition  of  proteid,  and 
the  living  cell  substance  prefers  always  the  proteid  aud  rejects  tlie 
fftt  and  sngar,  contenting  itself  with  tJieae  only  when  proteida  are 
absent. 

■  Plla^r's  Areb.,  Bd.  SO. 

»  Ceber  den  t'lnfliiM  rf**  Korbulxefi,  etc..  t.  c. 

>  Lehrbaeb  d.  pbysHil.  o.  psthol.  Ch«in.,  1.  JItitl.,  B.  MS. 
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ZuNTZ,'  in  coUaboratiou  with  Fbentzel  auJ  Lo£it,  hae  nuit 
exp»riiiieDt8  iu  dogs  trom  which  he  concludes,  tbiLt  at  least  in  tlust 
exp-.'i-imeutii  (part  iu  Ktarvutiuii  and  part  with  such  aaabuDdaut  fwxi 
that  a  dupositioQ  of  nitrogen  took  place  even  after  hard  work) 
aiiiniuli?  preferred  the  uou-nitrogeuous  bodies  which  were  offered  i 
Food  to  ilefniy  tlie  work  done.     Zuntz  has  aUo  ghowu  that  \l 
fooda  may  supply  work  approxiujately  in  proportion  afi  thejn 
suuie  oxygen  uud  iiccordiug  tu  tiieir  heiit  of  Rombustion. 

Quantitative  Composition  of  the  ISa&cle.  A  large  nambor  < 
aiiuly»<-'i>  have  been  uumIu  of  thu  fleeh  of  rariouK  animals  for  pnnl; 
practtcul  pnrpo»ea,  iu  order  to  deteruiiue  the  iiutritire  value  o. 
difTeretU  varit^Lit^K  uf  meat;  but  wo  liuvu  no  exact  si^iiiMititit;  anatm 
wilh  BiJlTicinot  ri3^;ard  to  the  quantity  of  difT(<rent  alhiimiiiouRlndiei 
aiul  the  n-mainiii^  inusctc-coustitueDia,  or  thti£u  aualy»ed  an  ukj 
cuitipiutc  01'  of  little  value. 

To  give  the  reader  ^ome  idea  of  the  variable  composition  of 
muBcle-Bnbstaiiee  we  give  the  following  surumary,  chiefly  obtaiuedj 
firom  K.  B.  IIopmakk's'  book.     The  figures  are  juirts  jier  lOflO. 

HuscliHi  of  UuMlm  of        Ctold-lilM«i 

Mam  ni  all*.  Bli-d«.  AmUmIi- 

Solids 217-335  227-282  Ml 

WaUT 74V:83  TIT-ITS  9W 

Orgftnic  bodffta 20f^ai5  217-263  I80-iM 

InorgwiLC  bodiM 9-10                     I0-I9  10-M 

Myosin 35-108  UO.ft-Ul  a9.T-ff 

Str(iinK«nl^ian<-«  (IJAim.RWRitT}.,  . .  7)^)91  88.0-1B4  7Q.0-I1I 

AlkB>n  nlbutuuiBto %)  'M  —  — 

Cruaiiu 2  8.4  S.8 

Xaniljln  bases 0.<-0  7  0.7-08  - 

Iniwioic  acid  (banum  salt) 0.1  01-0.8  — 

Proikacid —  —  7.» 

Taurin 0.7(!iane)  —  LI 

iDMBtt 0.«8  —  - 

Glyonitva 4-^  —  M 

Laetieacid 0.4-U.7  — 

Pb'wpboric  Mid 3.4-4  8 

VnXmtAx 8  0-4.0 

8<mU 0.4 

LI[D«  03 

Mjuniena 04 

Sodium  chlorid« 0.111-0  1 

Inm  oiidc 0.(«-0.1 

In  thie  table,  which  has  little  value  becmso  of  the  rariiitMn 
in  the  compositioa  of  tiie  niusclei>,  we  have  no  raeulta  at  t«  tt^' 

■  Du  Bois-Ruymnad  «  Arcb..  ISM. 

*  Letirbneb  d.  Zooehem.  WIen,  1876.  S.  104. 
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estimaUe  of  fut.     Owing  tu  the  ramble  quanlity  of  fat  lu  rtioat 
it  ia  iiardly  possible  to  quote  a  positive  aruragti  for  this  bo<Jy.   After 
most  careful  effort*  to  remove  tlie  fat  from  the  muftclea  without 
cbemiuil  meaus,  It  luus  beea  fouud  that  a  variable  amuuut  of  iiiLer- 
mnsoulur  fat,  which  does  not  really  buloug  to  tlit)  iiiuscubir  tiaeue, 
always  remaius.     The  8tuall>t;8l  quautity  of  fat  iu  the  uiuhcIus  from 
leau  owu  ib',  aucordiog  to  Gbouven,  S.l  p.  m„  aad  auuordiiig  to 
I'etehses    7.6  |).  Ill-      This  Jaat  observer  also  fouuil  re^'ularly  a 
auiaUer  auiouut  of  fut,  7.6-t).0  p.  m..  in  the  fore  quarter  of  oxen, 
koLd  a  greater  amouDt,  30. 1-34.6  p.  m.,  iu  the  hiud  quarter  of  the 
Animal.     A  low  amount  of  flit  has  also  beeu  fouud  in  the  xiuisc-teB 
of  wild  auimals.     B.  KfiXiG  aud  P'akwick  fouud  10.7  p.  m.  fat  in 
the  maselos  of  the  extremities  of  tlie  bare,  aud  14.3  p.  ni.  iu  the 
musutcK  of  tliG  partridge.     The  muscles  of  pigs  and  fatteued  ani- 
mals are,  wheu  ull  the  adherent  fat  is  retooved,  very  rich  in  fat, 
amouDtiDg  to  40-90*  p.  m.     The  muscloa  of  certain  tisho»  also  uoii- 
taiu  a  large  amount  of  fat.     According  to  Auikk.  tho  tleeh  of  tho 
salmon,  mackerel,  and  eel  contains  roapectifely  100,  164,  aud  329 
k.  ni.  Eat.' 

"       The  quantity  of  water  iu  the  nmscte  is  liable  to  conKiderabla 
variation.     The  amount  of  fat  has  a  special  tntUience  on  tho  quan- 
tity of  water,  and  we  ijuJ^afi  a  rule,  that  the  flesh  whieh  ia  deficient 
in  vater  is  correspondingly  rich  in  fat.   The  quantity  of  water  doea 
not  depend  aloue  upon  the  amount  of  fat,  but  upon  many  other 
circumstances,  amoug  which  we  muet  uLunlion  the  age  of  the  ani- 
mal.     In  young  auimals  the  orguu^  iu  general,  aud  Uierofore  also 
the  muscles,  are  poorer  iu  solidii  aud  richer  iu  water.     Iu  nntii  the 
amount  of  water  decreases  until  mature  uge.  hut  increases  again 
towards  old  age.    Work  and  rest  aleo  inlhieuoe  the  amount  of  water, 
for  the  active  muscle  contains  more  water  tliau  the  inacaive.     The 
Kitnintermptodly  aciivc  hoort  should  therefore  bo  tlic  muscle  richest 
■a  water.  That  the  amount  of  water  may  vary  independently  of  the 
^mouDt  of  fat  is  strikingly  shown  by  comparing  the  niusolca  of  dif- 
~  ferout  species  of  auiniaU.     In  cold-blooded  animals  the  muscles 
geoerally  have  a  greater  amount  of  water,  in  birdis  a  lower.     The 
comparison  of  tho  fiesh  of  ciiitle  and  tish  eliows  very  strikingly  the 
difloroat  amounts  of  water  (independent  of  tho  amount  of  fat)  in 

*  In  regard  lo  Ibe  Uieralure  nnd  compleie  iiiAtauieDin  m\  i\iv  cmiiiotiitioa  of 
flab  of  various  uniiiulis,  kou  K&aig,  Cbeml«  dor  iucniK:li]iGL(iii  Nkbruoga-  und 
GMaannliMl,  8.  Anfi. 
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the  flee^i  of  diSerent  animals.  According  to  tbc  aoalTBis  of  Auiix.' 
t)ie  muscles  of  leitn  oxen  conuin  15  p.  m.  fat  and  707  p.  m.  vat«r; 
the  llecili  of  the  pike  contaiDs  dqI)'  L.5  fat  aad  839  p.  m.  water. 
For  certain  pur|]oiiGs,  oja,  for  example,  in  oxpcriments  on  ciM- 
boli&m,  it  is  important  to  know  the  elementarr  composition  of 
0e6h.  In  regard  to  the  quantity  of  nitrogen  we  genorally  accept 
Voit's  *  figare.  namely,  3.-l^,  as  an  average  for  freeb  loan  meit. 
AcoordiDg  to  NowAK  *  and  lltrppsHi'*  this  quantity  ouy  vu^ 
about  QS'i.  und  in  more  exact  iuvestigutions  it  is  therefore  aeiw- 
aar}'  to  apecially  determine  the  nitrogen.  According  to  Salkok- 
SKi/of  the  total  uilrogen  of  Iwef  77.4^  was  insoluble  proteii!). 
10.0H5^  Boluljle  protuids,  and  1 3.  S^i^  other  soluble  bodies.  Co[n)iirU! 
eleniftiUiry  atialyses  of  tlesli  htive  recently  been  made  with  great  ran 
by  Aruitinskv.'  Tlie  avempe  for  os-fleeh  dried  in  vacuo  and  frw 
from  fat  and  witii  the  iilycogen  deductmJ  wiw  lu  follows:  C  49,iJ; 
H  6.9;  N  15.3;  0  +  8  33.0;  and  asli  5.2;<.  The  relationsliip  ol  iJi* 
carlKHi  to  nitrogen,  wbieh  ABr.rnNSKY  calls  the  "plbrh  qio 
ENT,"  18  on  an  average  3.'^-4: 1. 


Hon-atriated  Mtudes. 

The  smooth  musclet)  have  a  neutral  or  alkaline  reaction  (Div 
Bois-IiHlldOKD)'  when  0,1  rest.  During  ax;tivity  tliey  are  itf'i 
whiuh  id  inferred  from  the  obttervatioQe  of  Bkrkstbin.*  who  found 
that  the  nearly  continually  contractiujC  sphincter  musc1«  of  d» 
Anmfonla  is  ueid  during  life.  The  smooth  muscles  mayabo.*')' 
oordiitg  to  Heidbnhaix  *  and  KCbxe,'"  \tsa&  into  ngor  mortit  i 
thereby  become  acid.  Because  of  this  behavior  it  is  believed ' 
among  the  proteid  bodies  of  the  smooth  muscles  there  is  slw 
myoflin-forming  eutistanco.  A  spontaneously  coagulating  pbABi 
has  nut  thuu  far  boeu  obtained,  but  it  may  bo  considered  te  tl>^ 

'  Xova  Act.  wg.  Soc.  Scicut.  ITpMl.,  Vo'l.  ettr.  or«l.,  1677:  alw  )I*I.t1 
Jahretber..  Kd.  7.  8.  807. 

*  ZeiUclir.  f.  Biolo^e,  Rd.  1. 
»  Wieu.  HiljtuiJKHlH^r.  Hd.  64.  Abtb.  8. 
'ZoitMcbr.  f.  Illolngif-.  Bd.  7. 
*C«iitralljl.  f.  d.  iiiMl.  WiucnMb.,  18M. 

•  PflOffer'sArcii.,  Bd.  05, 

1  Cit«d  bT  Niuise  in  Hermuu'i  Handb,.  Bd.  1,  S.  838. 
•Ibid. 

■  Md..  B.  840. 
**  l*hrliuch.  d  plijBiol.  CIimd..  S.  SSL 
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juice  obtained  by  pressing  the  miiAclea  of  the  Anodonta  and  which 
coiagulateB  immediately  at  -f  45°  C.  or  vithiu  24  liours  at  the  (►rdi- 
nary  temperaturvi.  Myosin  haa  not  been  found  in  the  smouth 
musclee.  Ueidexhaw  snd  Uellwio'  hare  obtained  from  Uie 
smooth  muscles  of  a  dog  uu  ulbuuiiuoutt  body  which  coagulates  at 
-f'45°t0  49^  C-  uud  which  ik  atiulogouu  to  musculiu.  The  smuoLh 
musclea  contain  large  amounts  of  alkali  olbuminatua  besides  an  al- 
bumin coagulating  at  -4~  75"  C. 

Utnnogiobin  occurs  in  tbo  smooth  musclofl  of  certain  animals, 
bat  IB  absent  in  others.  Crealin  has  been  found  by  Lbdhams'.* 
Accorxliog  to  Freict  and  Valencibxnbs,'  the  muscles  of  the 
Cephalupodfl  contain  taurin  hesiKlw  treutimn  {creating).  Of  tlie 
noo- nitrogenous  gubataucoB,  glycogen  and  iaciic  acid  hare  been 
fonnd  without  doubt.  The-  mineral  constituents  show  the  remark- 
able fact  ihat  the  sodium  combinations  oixcecd  the  potaboium  com- 
binatioai».* 

>  Nmm,  I.  c,  S.  SBB. 
*  Rid. 

■  Cited  frooi  KQlme's  Ubrbucb.  8.  883. 


CHAPTER   Xn. 
BKA.ISI  AM)  NERVES. 

On  acconnt  of  the  difficiiHy  of  making  a  mechnTiical  wparsiion 
and  isolation  of  the  iHffflrcnt  tiaanc-Glomonts  of  the  nervouB  cflitnJ 
organ  and  the  nerves,  we  must  naort  to  a  few  microchcmical  te- , 
actions,  chiefly  to  quaUtatirn  and  quantitative  iDTestigatioos  of' 
different  parts  of  the  hraiti,  in  order  to  study  the  different  cbemic 
comjioaition  of  the  cells  and  the  nerve-tubes.  The  chemical  iu»««- 
gation  of  this  part  is  accompanied  with  the  greatest  difficulty;  uA 
although  our  knowledge  of  the  ohemieHl  oompositiou  of  the 
aud  uerves  has  been  somewhat  extended  by  the  iiiveetigationi 
modcru  times,  still  we  mu«t  admit  that  this  chapter  is  as  yet  on^ 
of  the*  most  obscure  and  complicated  in  physiological  chemistry. 

Proteida  of  different  kinds  have  been  shown  to  be  chemical  cm 
stituents  of  the  brain  and  nerves.     A  part  of  these  are  iuboinbleii 
water  aud  dilute  neatnil-aall.  solutions,  and  part  are  soluble  tht'reia 
Among  the  latter  we  iind  albumin  and  f/lobnlin.     Iiuc}$oaih*mtk' 
which   is  often  considered  as  an  alkali  albuminate,  also  o«Qk^ 
UALUBUfiTOK '  found  two  globuline  in  the  brain,  one  of  wli*^ 
coagulatflB  at  il-bii"  C.  aud  the  other  at  70"  C.     He  found  in  lli« 
gray  matter  a  nucleoalbiimin  which  coagulated  at  55-60°  C.  and 
contained   0.5)(    phosphorus.     It  seem»   unquetitionablo  thai  ili' 
albuminous   bodies   belong  chiefly  to  the  gray  subetanoe  of  t^' 
hniin    and    to   the  axia-cylinders.     The   same  remarks  applr  (■> 
nuckin,  which  v.  Jackscb  '  found  in  large  qnantities  in  the  p'J 
substance.    XtHrokeratin  sec  page  49),  which  wui  Grst  detected  lij 
KChxe,  and  which   partly  forms  the  neuroy/r'a,  and  which  tf  * 

■  On  ilie  Cbem!c*l  Fh^siolosr  of  tliv  Animal  Cell.   Eiag**  CoU^a,  Landodt 
Phyxlolojrtfal  Lnborniorr.     CoIleeMd  Pipers,  Ko.  1,  18C8. 
•  PflQ^r'a  jlreli.,  Bd.  13. 
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donble  aheath  envelopa  the  outside  of  tbe  nerre  medulla  under 
Schwann's  sheath  nnd  tlie  inner  axis-cyllDders,  cliieBy  occurs 
iQ  tlie  wliite  sulwtanct!  (KOnsE  uiid  <,'niTTENi>EN,'  Bal'mstakk).* 
The  pboephorizL*d  Bubstuucu  protayon  must  be  considerod  as  one 
of  Ui«  cbiuf  coii»titut'uU!,  perbapB  tbo  only  c'jristiuient  (Bai  si- 
STABK),  of  the  while  eubtiUujci*.     This  laGt- mentioned  substoucc.  If 

'  we  keep  for  the  preseat  to  tbe  most  oiretully  studied  protagou 
— because  tbore  are  jwrbaps  Mveral  JilTerenL  proti^oiu — yields  as 
decoaipusiCiou  pnKluct»(  lecitliin,  fatly  acids,  aud  ti  nilrogenoud 
iubsUuce,  cerebrin;  Ibiti  bust  probably  does  uot  occur  preformed  in 
the  brain,  but  ia  more  likely  u  product  of  LraiisfommtioD.  Tliat 
lecithin  also  is  pre-exJHtent  in  the  brain  ami  nerves  can  hanlly  be 

'  doubted.  The  inveatiKatioaa  thoa  far  made  have  cot  shuwii 
decidedly  whether  it  is  mure  aliundunt  in  tlie  gray  or  tbe  white 
Eubatauce.     Fatty  acids  ^lA  neutral  fata  may  be  prepared  from  the 

f  brain  and  uervea;  but  as  those  may  bo  readily  derived  from  a  decom- 
]K)6itiou  of  lecithin  and  protagon,  wliich  exist  in  tbe  fatty  tiKHue 
betwuen  the  Dorre-tubut!.  it  i&  ditllcult  to  docido  what  jiai-t  tlie  fatty 

l-acidsand  neutral  futs  play  as  coastituont^  of  tlie  real  ucrve-i«ubstance. 

'  ChoUattrin  is  also  fouud  in  the  braiu  and  uorvcs,  a  part  free  and  a 
jjart  in  chemical  comhination  of  whinh  we  know  nothing  about 
(Kaumstark).  Cholceterin  seem^  to  occur  lu  j^eater  abundance 
.4lu^ white  aubetaiicc  Hcaides  theso  aubtttances  tiio  uerve  tii«iue, 
y  the  white  8ubstauce,  L-uutairm  doubtleaa  a  number  of  other 
cooittituents  not  well  known,  and  among  wliich  are  aeveral  containing 

[phosphoruB.  TiinniciftM  assorted  that  he  had  iwdated  a  luimbcr 
of  pfaosphorized  subaLauces  from  the  brain  which  be  divided  into 

:  three  principal  grotips  :  kepalines,  myelinea,  and  lecithtnes.  Bat 
thus  far  this  assertion  has  not  been  coulirmed  by  other  in- 
vestigators. 

By  allowing  water  to  act  on  the  contents  of  tbe  medulla,  round 
or  oblong  double-cuutouretl  drops  or  libree,  not  unlike  doiiblp-con- 
toured  nen'cB,  are  furmeil.  'L'liis  remarkalde  formation,  which  can 
■Iso  be  seen  in  the  medulla  of  the  dead  aerre,  has  been  called 
*' meeting  fomu,"  ani\  thoy  were  formerly  considered  as  produ(»d 
^m  a  special  body,  "  myeline."  Mytditie  forma  nmy»  liowcver,  bo 
obtained  from  other  bodies,  sucli  as  impure  protagon.  leoithin,  fut, 
and  impure  choleeterin,  and  they  depend  on  a  decomjiosition  of  the 


'  ZnilKlir.  f.  Biologiu,  lid.  30. 
*  Ze-ltxlir.  r.  phyMtil.  Chvta..  6d. 
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ootutituents  of  the  medulla.     According  to  Qad  and  Hbtmaxs'^ 
mveliue  is  lecithio  in  a  free  condition  or  in  loose  chemicd  vm- 
bination. 

The  exlractivt  bodies  seem  to  be  almost  the  aame  as  in  tbe  moi- 
0I08.  We  fiud  creutin,  which  may,  however,  be  abwBt  (Baitt- 
liTAHK),  xanthin  btutea,  inosd,  lactic  acid  (lUao  fermentatioo  lactic 
acid),  uric  acid,  jecorin  (accorditig  to  Balvi,*  in  the  human  bniu),  ] 
and  neuriiiin,  C\J.I,,N,,  discovered  by  BHiiiGEK*  and  wtiicli  if 
most  iuttsresting  because  of  its  iL}i]ieunuicc  in  the  piitrefacliDD  of 
tuiiinul  tissues  or  in  cultures  of  the  typhoid  bacilloa.  Under  patlio- 
logical  conditions  letrctn  uud  urm  hure  boen  fouud  in  the  bnin. 
Urea  is  aUu  u  phyeiologiokl  oomttituuDt  of  tliu  bruiu  of  curlilagiiKiBi 
fishes. 

Of  tlie  aboTo-mentioned  oonatituents  of  the  neire-substsxua! 
protagon  and  its  decumpotiition  products,  the  oerebrins  or  oerdm- ^ 
sidex,  [nu!'t  be  specially  described. 

Protagon.  This  body,  which  was  liisuovered  b}r  Liebreicb,  ii 
a  nitrogetiizcd  and  phoBphuriKod  eubetauce  whose  elementary  com- 
poeitioii,  according  to  (Iamcirij  ;mil  TIlankekhoHK,*  is  C  R39, 
H  10.69,  N  2.39,  aud  t*  1.0U8  |Hir  cent.  Bai'mstabk  '  and  Rrpm' 
obtainMl  the  same  figures,  white  Libbreicu'  found  an  average  of 
%.80*t  N  and  1.23^  P.  KossEL  and  Freytag,'  who  obtainedfliD 
higher  figures  for  the  nitrogen,  namely,  3.25<,  and  somewhat  lover 
figures  for  tlie  phosphorus,  0.07^,  found  some  snlpliur,  an  avenge 
of  0.51;^,  reg'ularty  iu  the  protagon.  Ruppbl  also  found  somewl- 
phur,  but  in  such  small  quantity  that  he  considered  it  asaootitanu- 
nation.  On  b«iling  wii.ti  baryta-wutor  protagon  yields  the  deoompo- 
sition  prodtictH  of  luciiliin,  namely,  fatty  acids,  glycerophoepliopc 
acid,  and  choliri  (neurin  ?),  and  liefliiloa  this  also  corebrin.  Kodsn 
iind  Fkeytao  found  that  protiigon  not  only  yielded  cerebrin  iii  i" 
decomposition,  hut  two  and  pcrliaps  indeed  three  cerebrosideB  (if 
below),  namely  f^BREniiiN.  KRitAsiK  (homooerebrin),and  BRCsrs^ 
t.tN.     Because  of  thin  behavior,  and  also  because  of  the  nrpBi 

■Du  B()i!t<Re7inoDd'Et  Arcii.,  1890, 
•/Wa..l887.Sui.pIlH!. 

■  BrieR«t.  U«ber  FtonulDe.     Berlla,  ISSS  ud  1686. 
*  Zoluclir  f.  plijsiol.  Cbeiii.,  Bd.  S. 
*Jbid..  Bd.  9. 

•Zeiuchr.  r.  Bi<ilofi«.  Bd.  31. 
'  Annul,  d   Clictii.  ii.  rii«.nii..  Uij.  134. 

■  ZeitKhr.  f.  t>l)7aiol.  CLvin..  Bd.  17. 
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elementary  eotnpositiou  although  the  greatest  care  was  taken  in  the 
[ircparatioo,  Fbkytao  considers  it  very  probable  that  there  are 
more  than  one  prot&gon. 

On  boiling  vith  ilitiite  mineral  acids,  protagon  yields  among 
oilier  snbatanccs  a  reducing  car liohyd rate.  On  oxidation  villi 
nitric  acid  protagon  yielda  higher  fatty  iM^ds. 

Protagon  appears,  when  dry,  na  a  loose  white  [wwdcr.  It  dis- 
Bolrea  in  alcohol  of  85  vols,  per  cent  at  -j-  45^  ('.,  but  Ae}Ktrntes  on 
cooling  as  a  snow-white.  Uaky  preripitate,  ooimiiitiiig  of  halls  or 
groups  of  fine  crystalline  needles.  It  d<'Conipo9Pi8  on  healing  even 
below  100*  C.  It  is  hardly  soluble  in  cold  alciihol  or  elher,  but 
diseolvci*  on  warming.  It  swells  in  little  water,  decompoftea  partly, 
With  more  water  it  iiwells  to  a  gelatJnons  or  pasty  maas,  which  with 
much  water  yields  an  opalcncent  liquid.  On  fusing  with  fujtpetre 
«nd  Boda,  alkali  phosphates  are  obtained. 

Protagon  is  prepared  in  the  following  way  :  Ad  ox-brain  as 
freah  oa  possible,  with  the  blood  anil  nieinbrunc?>3  carefully  n-nioved, 
is  ^onnii  fine  and  then  extracted  for  several  hours  with  iilr^ohol  of 
85  vols,  per  cent  at  ■+■  46*  C.  filtered  at  the  fiame  tempernture. 
and  the  residue  extracted  witli  warm  alcoliol  until  thp  liltrate  d(»es 
not  yield  a  preeipitato  at  C^  C.  The  sovertil  alcoholic  nxtnicls  arc 
cooled  l,o  0'  f*.  ami  the  precijii tales  united  rind  fompletely  extracted 
tritll  cold  ether,  which  dissolves  the  cliotostcrin  and  lecithin-like 
'bodies.  The  residue  is  now  strongly  pressed  between  tilter-pa]>er 
and  allowed  to  dry  over  sulphuric  acid  or  phosphoric  anhydride. 
It  is  now  pulverized,  digested  with  alcohol  at  +  4^"  ^•<  HlterfHl  and 
elotrly  cooled  to  0"  C.  The  crystals  which  separate  may  be  purified 
'when  ueccMEty  by  recrystallization. 

The  same  stepa  are  taken  when  we  wish  to  detect  tlie  presenco 
of  protagon. 

On  decomposing  protagon  or  the  protagons  by  the  gentle  action 
of  alkalies  wo  obtain  as  cleavage  products,  as  above  stated,  one  or 
more  bodice,  which  THi'moHru'  Las  embraced  under  the  name 
^•.erehroaides.  The  cerehrosides  are  nitrogenous  substances  free  from 
■plioaphoms,  which  yield  a  reducing  variety  of  sugar  fpalactoso)  on 
lioiling  with  dilute  mineral  acids.  On  fusing  with  potaeh  or  by 
«xidatiDQ  with  nitric  acid  fhey  yield  higher  fatty  acids,  palmitic  or 
stearic  acids.     The  cerebrosideH  isolated  from  thu  hrain  areeerebrin, 

Eerasin,  and  encephalin.    The  bodies  isolated  by  Kossbl  and  FitEY. 

rA.u  from  pas,  pyosin  and  pyngrnin,  also  belong  to  the  cercbrosides. 
Tbadicliutu,  OrundiUge  der  anaUtiuiaclieii  and  ][liiii«cli«n  (Tbaaiii!,  BerLin, 
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Cerebrin.  Under  this  name  W.  MClleh  'ftrBtdescrihetlanitTDg 
enoua  suhstancc.  free  from  |iho8phorus,  which  he  ohtained  by  n- 
tracting  a  braiu-maas.  which  had  been  previougly  boiled  with  bam^ 
water,  with  boiliog  alcoliot.  Following  a  method  cssentiHlly  Uie 
aa.me,  but  diflf('ii'in)];  somewhat,  GboohROaN'  prei>are»l  from  tl» 
brain  n  cijrebnn  with  tlie  same  properties  as  MClier'S,  but  owi. 
taining  Uhh  nitrogen.  Accoriiing  to  Parcus*  the  cerebrin  tMbt«id 
by  (TKOfiHEGAN  iiA  well  as  l>y  MOllrh  consists  of  a  miitJirc  of 
three  liodies,  '•  ccrftbrin,"  '*  honiocerebrin,''  and  "  encophuliu." 
K0.1SEI.  and  FitEVTAO '  isolatod  two  cerebrosides  from  proUgon 
which  were  identical  with  the  cerebrin  and  honiocerebrin  of  Pab- 
CVS.  According  to  tla-se  iiiTestigatonj  Lite  two  bodies  phreuoeifi 
and  kerauin  an  d©iM,Til«ftl  by  TncDiCHrM  seem  to  be  identical  with 
cerehriQ  and  homocerebriu.  J 

Cerebrin,  iicconlitig  to  Parcus,  has  the  following  compodtion:' 
0  69.08,  H  11.47,  N  2.13,  0  ir.a3)«,  which  corresponds  witJi  lie 
analyses  niadeby  KossKLaud  Freytag,  No  fonnuia  ha«  bconginn 
to  this  body.  In  the  dry  stute  it  forms  a  pure  white,  mloriess,  tai 
tasteless  powder.  On  heating  it  melts,  d(icom{>o>6e«  graduiUtr,  smdb 
like  burnt  fat,  and  burns  with  a  luminous  flame.  It  is  insoluble  isJ 
water,  dilutu  atkalies,  or  buryta-water.  It  is  also  insoluble  i&  cell' 
alcohol  and  in  cold  or  hot  ether.  On  the  contrary,  it  is  solulrie 
ia  boiling  alcohol  and  separates  ii»  &  lluky  precipitate  on  cooUnf. 
and  this  ia  found  to  consist  of  a  ma&s  of  balls  or  grains  on  mien- 
scopical  examination.  Cerebrin  forms  an  insolnble  compound  irilli 
baryta  which  decomposes  by  the  action  of  carbon  dioxide.  Cert- 
brin  disaoives  in  concentrated  sulphuric  acid,  and  on  warmingtbt 
solution  it  becomes  blood-reil.  The  variety  of  sugar  split  off  o" 
boiling  with  mineral  acids — the  so-called  brain-sugar — ia,  according 
to  TKiEKFii:i.DEK,'  galactose. 

Kerasiii  (according  to  Thudichum)  or  Aomocerebrin  {sooord- 
ing  to  ParcUS)  has  the  following  conijMMition:  C  70.06,  U  n.W,| 
N  2. '43,  and  0  IC.lljf.     Encephnlin  has  the  composition  C  iW.^'^' 
H  11.60,  K    3.09,   and  0    16.91^.     Both   bodies  remain  id  ^ 
mother  liquor  after  the  impuru  cerebrin-  has  precipitated  from  tli' 


>  Annal.  d.  Cbeoo.  a.  Pharm.,  Bd.  105. 

*  Zeitschr.  f.  pliyoio).  Cbem.,  Bd.  8. 

*  tJ»b«r«iDtgP  nauf  ( )etitri)>to(T«,  luKag.-I^M,,  t<elp<Ig,  1881. 
'U  c. 

*  Zoiuiclir.  f.  pbyslo).  Chem.,  Bd.  14. 
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warm  alcohol.  Tlie«e  bodiM  bare  the  teadeoc;  of  septtntiDg  as 
geluthious  ma»s««.  Kerasin  U  homologoas  to  cerebcin,  butdissolroi 
more  easily  id  warm  alcohol  aud  also  in  wann  ether.  It  maj  ba 
obtained  as  extremclj  flue  ueeUles.  KncpphuHii  i»,  according  to 
Fabcus,  a  transformation  product  of  oerebrin.  In  perfectly  pure 
statv  it  irrvstaltizes  in  email  lamella;.  It  awelU  iuto  a  puaty  mass  in 
wartii  wat«r.  Like  curobriu  uud  kerasio,  it  yields  a  reducing  sub- 
atance  (probably  galactose)  on  boiling  with  dilute  acid. 

The  cercbriwi  are  generally  propared  according  to  MCller'S 
method.  The  brain  is  Qrst  stirred  with  baryt&-water  until  it  ap- 
peurs  like  thin  milk  and  Lben  it  Ik  bulled.  The  ineoluble  parte  are 
removed,  pressed,  and  ropoatcdly  boiled  with  alcohol,  which  is  fil- 
tered while  boiling  hot.  Tho  impure  cerebrin  which  separates  on 
cooling  is  freed  from  choleeterln  and  fat  by  moans  of  ether,  and 
then  purified  by  repeated  eotutiou  in  warm  tdcohol.  According  to 
Pauol's  this  repeated  solution  in  alcohol  is  continuod  until  no 
gelatinous  separation  of  liomoncrebrin  or  eucephalin  lakK)  place. 

According  to  GKoniietiAx's  muLhod  tho  brain  13  first  extracted 
with  cold  alcohol  auii  ether  and  then  boiled  with  alcohol.  The  pre- 
cipitate which  SRparate^  on  the  cooling  of  the  alcoholic  filtrate  is 
treated  with  other  and  then  boiled  with  baryta-water.  The  iueolu- 
ble  residue  is  purified  by  repeated  solution  in  boiling  alcohol. 

The  oerobrin  may  also  bo  obtained  from  other  organs  by  employ- 
ing the  above  tnothoda.  The  qaantitatiTe  oatimation,  when  suuli  ia 
desired,  may  be  performed  in  the  same  way. 

KossEt  and  Frkytao  prepare  cerebrin  from  protagon  by  aa- 
ponifying  il  in  a  sotntion  in  methyl  alcohol  with  a  hot  aolution 
of  caustic  baryta  in  methyl  alcohol.  The  precipitate  is  filtered  off 
and  decompuiied  iu  water  by  carbon  dioxide,  and  the  cerebrin  or 
oert'bruaide  extracted  from  the  insoiuble  residue  by  hot  alcohol. 

Hanridin.  r.HiiNi,  bt  a  aao-potaoaoaa  diamia  discovered  bj  Bhibobr,  sod 
wlilrit  wkM  o)iu)ntHl  bjr  him  Iu  tl)«  potrpfkotioa  or  taeml  and  geluine,  uid  from 
cultiirefl  of  tb«  tjpkold  bacilliia.  It  klm  nocura  under  phjraiologiail  eondilioas 
in  the  bniu.  uid  as  Iraoe*  In  t1i«  jolk  of  lb«  c^, 

Nstiridiu  dinolv»«  in  wmtor,  and  Tieldx  oa  IkhIib^  wltli  sikalirs  ■  mixlure 
of  dlmcthyluulu  uid  irimethvUniin.  It  diBBolTeB  wUU  diSlculiy  in  aoivl^Ieo 
liol.  It  (•  toaoltiblo  in  ether  ar  alfHalut«  alcohol.  In  the  free  UmU)  noaridin 
liw  k  pecallar  odor,  SDfgesting  Mmon.  With  hjdrochloric  acid  it  |pve«  a 
eomblnalinn  ojtiAlUtiDg  in  long  D«edlea.  With  pUtiotc  chloride  or  gold 
chloride  it  givim  crfiilKllicabU  dnakle  oamblnatlona  which  are  valtubin  in  iu 
I>reparation  aod  detection. 

Th«  M^c«ll«d  CORHjK'Ot.A  AMTi.At'RA.  wbleb  oecur  oa  th«  upper  surCacv 
of  the  brain  and  In  the  ptluilary  gland,  am  colored  mors  or  Imi  purs  riolot  bj 
lodtBA  and  more  blue  bj  nalphnric  acid  and  iodine.  The;  oonsiat,  perhaps,  at 
lh«  aaiDc  subslaaoo  aa  certain  pioautlc  calcall,  but  ihej  biT«  aot  benii  cloaeljr 
lDVfliLi^t«d. 
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QuaniiiaHve  Composition  of  the  Hrain.  Th«  quantity  of  vftur 
is  greater  in  Lim  gruy  tliaii  in  tim  wLitu  subatance,  aud  greatef  m 
new'tiorn  or  youii^^  itiilividualfi  Uiaii  in  grown  ones.  Tho  brain  ol 
the  Uviixn  ootitaina  879-^^36  p.  m.  water.  According  to  the  cibsr- 
vationH  af  WfiitiiiARi]  '  tliu  amoniit  of  water  in  Uie  aeveral  poruof 
the  IjmiTi  (and  in  the  medulla)  varies  at  different  iiges.  Tlie  M- 
lowing  figures  arc  iu  1000  part£~— J  for  muu  and  B  for  womuu: 

•MP  TM.r«.         KMW  Yesnt.  IO-70  YMra.  TD  M  Ton. 

JL~         *.  J.  H.  A.  If.  A.  B. 

Wbit«  solxUimof 

tli«  brain 6&6.S  683.9  G83.1  lOU.l  701.9  689.0  73S.I  "Sni'' 

OrnTdttto 8^6  eil6.2  H»«.l  SSil.R  BStt.O  886.4  t»7.8  ^> 

ajri 7W.7  TSa.O  79f,9  TTi.B  TW.l  7W.9  »(«-S  WI7 

C«i«belli»n. 788.S  794.9  778.7  789.0  767  9  7S4.A  808.4  T»T.* 

Pwiii  rarolt 784.6  740-S  725  5  723,0  780.1  7U-0  737.4  7!U 

MedullB  oblongata.  744.8  740.7  7SS.5  729.8  7M-4  73««  738.2  7847 

Quaiititatiro  aiiulyeus  of  tlio  braio  liavc  also  bueii  made  b^ 
Pethowskv  '  ou  an  ox-brain  and  by  Balmstahk  '  on  the  braiaof  i 
horao.  Iu  the  analysis  of  Fctuowskt  tho  protagon  hue  not  be«ji 
considered,  and  all  urgunic,  phoaphorized  siibsitauccs  wore  cuku- 
lated  as  locitliin,  Ou  thcao  grounds  theSL'  analyses  are  not  uf  tancl) 
Talne  from  a  certain  standpoint.  In  IIai'Mstaek's  analjm  tN 
gray  and  tho  white  Buhstance  could  not  bo  siifRciontly  separatod. 
and  tliuBO  analysoa,  on  this  account,  ahow  partly  au  excess  of  wliiw 
and  partly  an  excess  of  gray  substance;  nearly  one  ball  of  the 
organic  bodice,  chiefly  coniiisting  of  bodies  soluble  in  ether,  cDnSi 
not  bo  exactly  ai]uly?,*)d.  Neither  of  tliciM!  analyses  gives  8ufli«i^cl 
explanation  of  the  ([uaiititative  cumimsition  of  the  brain. 

The  anulyseii  made  up  to  the  prcnent  time  give,  as  aborcstaw'' 
an  unequal  division  of  the  organic  constituetLta  in  the  grav  a«^l 
white' substanoQ.  In  the  analyses  of  PfH'bowsky  the  qaautitfo^ 
pmtcids  and  gelatin-forming  niibataiiceu  in  Uie  gray  mutter  ^ 
gomL'what  more  than  one  half,  and  in  the  v^hito  about  one  ijiuniff- 
of  the  solid  organic  substances.  The  quantity  of  cholsstenti  ■" 
the  whit«  wwt  about  one  half,  and  in  tho  gmy  substance  about  o°* 
fifth,  of  the  solid  liodicK.  A  greaLcr  quantity  of  aoluble  salts  ^^ 
extractive  bodies  wai;  found  iu  the  gmy  substance  Lliau  in  Ihe'lii^ 
(Bapjistabk).  Tho  following  analyses  of  liAUUEfTARK  give  th* 
most  imiiorLant  known  coiuttitucnte  of  tho  brain  c-alculatcd  in  i^ 

1  Cited  from  K.  B.  nofmnno's  l^htb.  d.  Zooolt«mie  (Wleo,  1876).  &  l^ 

■  PflQ;.-«;r'»  Arch  ,  M   7 

*  ZeltMclir.  f.  pbyaioL  Cbeni.,  Bd.  V. 
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part«  of  the  fresh,  moist  brain.    A  repreaente  chiefly  the  white,  und 
Ji  chiefly  the  grHj,  subetauce. 

\v«t«r $WM     im.vr 

Solid. tMM     sao.os 

rroufron 98.11  10.90 

Inaoloble  protaid  and  eonoecUTa  iimaa S0,03  60.  i9 

CholiBwriB.  frw 18.1&  6.B0 

combliied H&M  17.fil 

Nuclein 8  24  l.W» 

Npuroktfnuin , 18.88  10.48 

MiiiKnl  bodies 3.33  5.61 

The  remainder  of  tlie  solidti  protKibly  consists  cliiofly  of  lecithin 
and  other  phosjihoriztd  boditri?.  Of  tlie  tnUiI  amotiut  of  phosphoms 
15-20  p.  m.  belongs  to  the  nucleiii,  50-UO  p.  in.  to  the  protagon, 
150-160  p.  m.  to  the  ash.  and  770  p.  m.  to  the  lecithin  and  the 
other  pho?phori)ied  organic  substances. 

The  quantity  of  neurokeratin  in  the  nerves  and  in  the  diflferent 
parts  of  the  brain  has  been  carefnlly  determined  by  KCnxR  and 
CiriTTKN'nES.'  They  fonnd  3.1(5  p.  m.  in  the  pl(?xu.i  brachialio, 
3-13  p.  m,  in  the  edge  of  the  cerebellum,  22. 4M  p.  ni.  in  the  white 
substance  of  the  cerebrum,  25.72-211.02  p.  m.  in  the  white  sob- 
etance  of  tlio  corpu-t  calliwnnj,  and  3.27  p.  m.  in  the  gray  Bub^tanco 
of  tbe  edge  of  the  cerebrum  (when  free  as  poMible  from  white  sub- 
stance). The  whit«  is  Tery  considerably  richer  in  nearokeratin. 
than  the  peripheric  nerves  or  the  gray  aubatance.  According  to 
OBjFFtTns*  neurochititi  replaceji  neurokeratin  in  insects  and 
Crustacea,  the  quantity  of  the  firi;t  being  10.6-13  p.  m. 

The  quantity  of  mineral  eonstitnenta  in  the  brain  amounts  to 
2.y5-7.08  p.  m.  according  to  Oeooheoan.'  He  found  in  1000 
parts  of  the  freah,  moist  brain  0.43-1.32  CI,  0.956-2.01G  PO,, 
0.!U4-0.7%  CO..  0.103-0.220  SO,,  O.Ol-O.OJtS  Fe,(PO.).,  0.U05- 
0.O32  Ca.  0.010-0.072  Mg,  0.58-1.778  K,  0.450-1.114  Na,  The 
gray  Babstanc«  yields  an  alkaline  ash,  the  white  an  acid  aah. 

Appenilix. 

The  Tissne  and  Fluidi  of  the  Eye. 

The  retina  contains  in  all  86&-8;t9.9  p.  m.  wator,  57.1-84.5 
p.  m.  proteid  bodies — myosin,  albumin,  and  mucin  (?),  9.5-28.9 
p.   m.   lecithin,   and  S.^11.2   p.    m.  &alts   (Uoppe-Setler  and 

>  Zcitflclir.  r.  Btologie.  Bd.  M. 
*  Compi,  r«nd..  Tome  US. 
•Zoitaclir  f,  pliyslnl.  Cliem.,  Bd.  8. 
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Caiik').     Tlie  miueral  bodiiis  ootisist  of  423  p.  m.  Nu^HPO.  ud 
352  p.  ni.  NaCI. 

ThuHe  tioilim  wliicli  form  tlie  di[!en?ut  segments  of  Ibe  rods  and 
conet)  liuvc-  not  Iwen  clotwly  HttKlieil.  and  tlio  gr^ato^t  interest  ii 
therefore  commcUKl  witli  the  coloring  matuira  of  t.li«  retina. 

Vlaual  purple,  also  oallod  rfiorlopshi.  erythTojmn,  or  TiBCiLi 
UKD,  iH  the  piKiiifliit  of  the  roiia.  Boll'  obacrvod  in  1S76  that  tlic 
layer  of  ro<iR  in  tlio  retina  during  lifo  had  a  purplish-rod  color 
whicii  \im  bto!iuho(l  by  the  iiction  of  Hght.  Kuhke'  ahow<Ml  luter 
that  this  rod  f:nktr  mighl.  remain  for  a  long  time  after  the  deatli  of 
the  animal  if  the  eye  wixs  proleetod  from  dajiighi  or  inriietigaWd 
by  a  Boiliurii  light.  Under  tlioao  conditions  it  was  also  [wagiblc  to 
iaolat*^  iind  clofidy  study  this  siibatancc. 

Visunl  rtid  (lioLL)  or  Tiaual  purpb  (Klunb)  hoa  become Icnovn 
mainly  by  the  iiiveatigations  of  KOhne.  The  pigmcut  ocean 
chiefly  in  tlie  rods  and  ouly  in  their  outer  parts.  In  animals  whoee 
retinu  hue  no  rods  the  vi»iml  purple  is  absent,  and  is  also  oeoee- 
sarily  absent  in  the  maculn  hitca.  In  a  variety  of  bat  {rhinolopiwi 
hipposuleros),  in  hens,  pigeons,  and  new-bom  rabbits.,  no  Tisnil 
purple  has  been  found  in  the  rods. 

A  golntion  of  vianal  purple  in  water  which  contaiM  S-fi^ 
crystallized  bile,  which  ia  the  be-st  Bolvent  (or  it,  is  porplo-rwl  in 
color,  quite  clear,  and  not  fluorescent.  On  evaporating  this  solu- 
tion in  vacuo  ve  obtnin  a  residue  similar  to  ammonium  carmitiftie 
whieh  eoiitains  violet  or  hhick  grains.  If  the  above  aolutiwi  i* 
dialyzcd  with  water,  the  bile  diiTusefl  and  the  visual  puriile  sepamie' 
as  a  violet  mius.  Under  all  circumstfinres,  even  when  still  in  tbe 
retina,  ttie  viamd  purple  is  quickly  ble:iclied  by  direct  siinlipi't 
and  with  diffused  light  with  a  rapidity  corresponding  to  the  ifl" 
tensity  of  the  light.  It  passes  from  red  and  orange  to  yeHow. 
Riitd  light  bleaches  the  visual  pnrple  slowly  ;  the  ultra-red  ligW 
do<>3  not  bleach  it  at  all.  A  solution  of  visual  purple  showi  nci 
special  absorption-bands,  but  only  a  general  absorption  wliiCD 
extetfids  from  the  red  side,  beginning  at  D,  to  the  line  0.  TIw 
strongest  absorption  is  found  at  B. 

Visual  pnrple  when  heated  to  .'i"2''-53''  C.  is  deetroyed  after  SBIW*' 

'  ReiiJtchr   f,  Plivsiol.  Clicra  ,  H«l.  S. 

»  Monniascbr.  d.  Ilerl.  Aknd..  13  Nov.  1878. 

*  The  iDvr?)il]gnLi<inN<if  KOlinn  ftud  Ills  pupils  Bwftld  and  Ajthm  ou  lliB ''*' 
aal  piirids  will  be  found  in  VTntpniiietiMngen  aosi  dem  plijMiol.  Innllliil  o* 
Unjvenitai  HeidulbtgrK.  B<Id.  1  und  2, 
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hours,  iitHl  almost  m.ttantljr  when  heatod  to  +  76°  C.  It  is  also 
deatroTMl  by  nlkulJM,  acids,  alcoliol,  oiIkt,  and  chloroform.  On  the 
contrary,  it  naints  the  a<:tion  of  ammonia  or  lUura  solution. 

As  the  risufU  purple  U  easily  destroyed  by  light,  it  must  there- 
fore alw  be  regenerated  duriDg  life-  KI'UKt:  hiia  also  fonnd  that 
the  retina  of  the  eye  of  the  frog  becomes  bleached  when  exposed  for 
a  long  time  to  strong  sunlight,  and  that  it«  color  gradaalty  returns 
when  the  animal  is  placed  in  the  dark.  This  regeneration  of  the 
Tifliial  purple  is  a  function  of  the  living  celts  in  the  layer  of  the 
pigment-epithelium  of  the  retina.  This  may  be  inferred  from  the 
fact  that  a  detached  piece  of  the  retina  which  has  been  bleached 
by  tight  may  have  it«  visual  purple  restored  if  the  detached  piece 
of  the  retina  Iw  carefully  laid  on  the  ohorioi'dea  having  layein  of 
the  pi^ient-epithvliiim  attached.  Tlie  regeneration  has,  itseeniB, 
nothing  U>  <io  witli  the  dark  pigment,  the  melanin  or  fnKcin,  in  the 
epitbelium-oells.  A  partial  regeneration  Reem»,  according  to 
KunxE,  to  be  powible  in  the  completely  removed  retina.  On  ac- 
count of  this  property  of  the  visual  piirpU'  of  being  bl«acbed  by 
light  during  life  we  may,  as  RChxe  has  xhown,  under  special  cod- 
ditioua  and  by  olMerviug  special  precautions,  obtain  after  death  by 
the  action  of  intense  light  or  more  continuous  light  the  picture  of 
bright  objects,  such  as  wiDdowg  and  the  like — soH»kll«d  optograms. 

The  physiological  importance  of  visual  purple  is  unknowu.  It 
follows  that  the  visual  purple  is  not  essential  to  sight,  since  it  is 
abseut  in  certain  animals  and  also  in  the  cones. 

Visual  purple  must  always  be  prepared  exclusirely  in  a  sodium 
light.  It  is  extracted  from  the  not  membrane  by  means  of  a  watery 
solution  of  crystallized  bile.  The  li]tei-e<l  solution  is  evaporat«d  in 
vacuo  or  diatyzed  until  the  Tisnal  purple  is  separated. 

To  prepare  a  Tisual-parplc  solution,  perfectly  free  from  h»mo- 
globiu,  KCuNE*  suggests  to  precipitate  it  from  it  solution  in 
bilo  by  Mg  SO,  in  substance,  or  to  treat  the  retina,  which  has 
been  previously  hardened  by  alom  and  then  lixiviated  with  water 
and  10^  KaCI  eolation,  with  bile. 

The  plpm«nt0  of  the  eonm.  In  the  iooer  se^nvnts  •>'  the  ronvs  r>f  birds, 
rpptil**,  and  fi»fa«s  ■  mimII  (at-irlobule  of  ru^iDtf  color  b  touod.  KltltKE'  liaa 
isoLaleiJ  from  tbis  fat  a  green,  a  .rellow,  uid  a  fkI  pl|;m«iit  called  rwpecilvwiy 
eUorophan,  jMntAopham,  and  rfu>dopkan. 

■  Z»it«clir.  f.  Biologk.  Bd.  33. 

*  KllUtiP,  T»«  nlchtbesUndignD  Farben  dar  Netsbaat. 
phfsiol.  Iixititut  Heidelb«rf,  Bd,  1.  S.  341. 
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Tlifl  dark  pijfmcDt  of  Ibc  epithf>Uiim*colla  of  ihe  net  nietubranf.  vLie 
fonii«rl^  cikil(.*ii  vidfiiiiti.  but  kIucu  naiiiMl  J'vid't  bv  Kchnb  mmI  Mat,' 
Milvert  In  ecinrcnti-iti«>J  rfttmic  ukftltcfH  or  I'lonfleiiiTAtH^  tulphnric  kcM  od  fUB- 
iii^,  Itut,  like  iiielftiiiiiH  Id  geiieml  {atw  CbajiMr  XV[),  hajt  li«ea  littla  fttadied. 
TC«  plsnicDl  occiirrloK  in  lii«  pixiueut-cellB  of  tbe  chorlofdett  seems  U>  be  idn 
liotl  witb  tliv  fusdn  of  t)io  rotioa. 

The  vitreous  humor  is  often  coiiBidcrod  m  u  variety  of  geUUirow 
tiauo.  The  membriLao  coixsiBts,  according  to  C,  Mubnbb,'  of  ■ 
gelatine* fomiiDg  substauce.  The  Huid  coataius  u  little  proteid  aai 
a  mucoid,  hyatomueoid,  which  wae  first  ehown  by  MuftNEU,  iu>d 
which  iii  not  precipitated  by  acetic  acid.  Thi»  coutains  VlJiti  N 
imU  t.19;^  S.  Among  the  extmotivcs  we  fmd  a  little  Mr«a  ■oowl- 
ing  to  PiCARu'  5  p.  m..  uccording  to  Hahluakn *  0.64  p.  m. 
Pactz*  fonud  betiiile»  some  uren  also  [HinOuctic  acid,  and,  in  con- 
firmation of  the  stareintmls  of  Chabha8,  Ji^NRH,  and  Kl'&n,  aisp 
glucose  in  tfie  vitrcoim  humor  of  oxen.  The  reliction  of  the  vitivoiu 
humor  it*  alkaline,  and  the  quantity  of  solida  amonnta  to  about 
11  p.  m.  'Die  quantity  of  niineml  bodies  \»  about  0  p.  [n.,aDd 
tlm  ulbuininutm  bodies  0.7  \*.  tii.  Iti  re^anl  to  the  aqueoufl  homor 
see  p:ij^e  VJh.  \ 

The  crystalline  lens.  That  sulistanee  which  forms  the  oapcnk 
of  the  len:^ :  has  bocn  recently  investigated  by  C  Moknbr.  It 
belong?,  wcorrling  to  hitn,  to  a  special  group  of  protein,  which  are 
(■a1le<i  utembraniH.t.  'i'lie  membranin  bodioa  are  insoluble  at  tbu 
ordinary  temiHimture  in  water,  salt  tjohittoii)?.  dilute  acids  uhI 
alkalies,  and,  like  tlio  mucins,  yield  a  reilucing  sub^itance  on  boiling 
with  dilute  mineral  acids.  They  contain  snlpliur,  which  blackiii* 
lead.  TliG  meiiiliranins  are  colui-ed  a  very  iMjantiful  red  by  Mit 
lon'8  reagent,  hut  give  no  characteristic  reaction  with  comW' 
tniLeii  hydroehldric  w^id  or  ADAMKjK^ricz's  reageut.  They*!* 
dissolved  with  great  difficulty  by  pejwin-hydrofhloric  acid  or  tryp*"' 
snintion.  They  are  dissolrerl  by  dilnte  acids  and  alkalies  ia  the 
warmth.  Mcmhranin  of  the  capmilo  of  the  Ions  contains  14. iW 
X  am]  0.K.1^  S,  and  i^  a  Httlo  lesd  soluble  tliau  chat  from  \>^ 
CKMKTR  membrane. 

The  chief  mai^s  of  the  solids  of  the  crystalliua  leofl  ooiuisti<» 


'  Kflhae.  j'Wd..  Btl.  2,  S.  3'.>-(. 

•  ZeiucUr.  f.  phvsiol.  Clicm..  Bd.  1& 
■Oami^'B  I'hjrviu).  Chem..  p.  ASA. 

*  M«lj'a  J>hni>l»t.,  Bd.  0,  S.  ^\9. 
»ZHtiwlir.  f.  Ittolo^iu,  W.  81. 
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protoiilB,  wtiode  nature  htw  b«un  iDvestigated  by  0.  Mubnbr.'  Some 
of  theiM  i^rottiids  ore  insolable  in  dilute  salt  solutiou,  aud  othera 
0olublv  thereiu. 

77/9  Jtuoluifie  Proteid.  The  leus-fibrus  cousiet  of  a  proteid  sub- 
kUijcu  whicb  u  iusoluble  iu  water  aud  Kalt  solutiou  U>  which 
MdKNBK  htm  giveu  thv  u&me  alhvhoid.  It  dissulrvji  roadUy  ia 
verv  dilute  acids  or  aUcalies.  Ite  BOlutioa  id  catistic  |)otaal)  of  0.1]^ 
is  very  similar  to  &n  ulk«Ji*ttlUiminRt«  solution,  but  coagulates  at 
about  50°  C.  ou  nearly  complete  neutralization  and  addition  of  ^% 
NaCl.  Albiimoid  lias  the  ToUowing  composition:  C  53.13,  II  6.8, 
N  16.63,aud  S0.79;t.  The  leDs-fibreethemselveii  contain  16.61^  N 
and  0.77^  S.  The  inner  part«  of  the  lens  are  coaaiderably  richer  in 
albumoid  than  the  outer.  The  quantity  of  albumoid  in  the  entire 
lens  amounts  on  an  ureragc  to  about  484:  of  the  total  weight  of 
proteidg  of  the  leus. 

Tltc  Soluble  Proleid  cousists,  exclusive  of  a  very  small  quantity 
of  ALBLMiN,  of  two  globuUns.  «-  ttod  /3-CKYSTAUUN.  These  two 
globulins  differ  from  eiich  other  in  this  manner:  tf-crystallin  con- 
Uina  16.68^  N  and  0.56](  S;  /d-crystalHu,  on  the  contrary,  17.U4«  N 
aud  l.!27^  S.  The  first  coagulates  at  about  7:^"  V.  aud  the  other  at 
€3°  C.  B(»ideei  tliiei,  >^<cry6ta]lin  ia  precipitated  from  salt-free 
BolutioD  with  greater  difficulty  by  acetic  acid  or  c»rbon  dioxide. 
These  globulins  lire  not  precipitated  by  an  excess  of  NaCl  at  either 
the  ordinary'  temperature  or  30"  C.  MugntHium  or  sodium  sul- 
phate in  substance  prucipituteti  both  globulins,  on  Ibo  ooutrary.  at 
30°  C.  These  two  globulins  are  not  equally  divided  in  the  mass  of 
the  lens.  The  quautity  of  a-crystallin  diminislies  in  the  tens  from 
without  inwards,  /l^-crystalliu,  ou  the  contrary,  from  within  out- 
wikrds. 

A  BfecnAHP*  diRtinguiatiRs  Iha  two  followiDf^  ■Ibutninuu*  bodim  in  tfao 
wKtvrj  oxtrifa  uf  ilir-  cryMA)liu«'  l*»i :  phnwtj/mum,  Mlii<ili  roKiculahw  «t 
•\-  JA*  C.  ui<t  t-4)nulnfi  a  <li«Htuiic  cnxytne.  and  luia  ■  ■pscific  nutorj  i>tiwvr  at 
(a)j  =  —  -11°,  ami  tbu  trgH'ii>*tttMH.  wilh  %  upecilic  rotatory  power  t'l 
\cflj  3  —  (W'.S.  Krom  th"  midm-  n(  tin-  Itmn.  whirli  w«»  inwliittle  In  traUrr, 
BK(:iiAur«xtrsoUMj,  by  mcaosoIliTdrocliluric  acid,  ati  albuminous  t>ody  Laving 
a  Kptrcitic  rauu>r5  powor  vi  {it)f  s  —  HO'.i  wblcb  lia  called  ciyttaljtbrin. 

The  looa  does  not  M«m  to  contain  any  proteid  biNlies  vrhioti 
coagulate  spontaneously  like  hbrinogen.  Thut  cloudiness  whioh 
uppeuTB  after  death  de|>ends,  according  to  KCnhb,'  upon  the  un- 

'  l!«its<:hr  t.  pbyaiol.  C:h«ai..  Bd.  18.  Tbta  caoUlna  also  the  pertloeat  lit. 
«nttir«. 

■Compt.  rand..  Bd.  90. 

>  Uhrbueb  d.  plijpafo).  CliMn.,  S.  405. 
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equal  changing  of  tlie  concentration  of  the  contents  of  theleoa- 

tubes.     This  change  is  produced  by  the  altered  ratio  of  diffusion. 

A  cloudiness  of  the  lens  may  also  be  produced  in  life  by  a  Tspid 

removal  of  water,  as,  for  example,  when  a  frog  is  plunged  into  i 

salt  or  sugar  solution  (EuNSE ').    The  appearance  of  cloudiness  in 

diabetes  has  been  attributed  by  some  to  the  removal  of  water.  The 

views  on  this  subject  are,  however,  contradictory. 

The  average  results  of  four  analyses  made  by  Laptschinskt  *  of 

the  lens  of  oxeu  are  here  given,  calculated  in  parts  per  lOOO : 

Proteida S40.8 

Lecithin 2.8 

Choleeteria 2.9 

Fat 2.« 

Soluble  salts 5.8 

Insoluble  salts 2.8 

In  cataract  the  amount  of  proteid  is  diminished  and  the  amomit 
of  cholesterin  increased. 

The  quantity  of  the  different  proteids  in  the  fresh  moist  lens  of 

oxen  is  as  follows,  according  to  Morkeb*  : 

Albnmoid  (lens-fibres) 170  p.  o). 

/S-cryatallin 110    " 

a-crysiallio 68    " 

Albumin 3    " 

The  corneal  tissue  has  been  previously  treated  of  (page348)> 
The  sclerotic  has  not  been  closely  investigated,  and  theohoroiiMt 
is  chiefly  of  interest  because  of  the  coloring  matter,  melanin,  it  coo- 
tains  (see  Chap.  XVI). 

Tears  consist  of  a  water-clear,  idkaline  fluid  of  a  saltish  taste- 
According  to  the  analyses  of  Lgbch  *  they  contain  983  p.  m.  water, 
18  p.  m.  solids,  with  5  p.  m.  albumin  and  13  p.  m.  NaCh 

The  Fluids  of  the  Inner  Ear. 

The  perilymph  and  endolymph  are  alkaline  fluids  which,  beaidH 
salts,  contain — in  the  same  amounts  as  in  transadations — ^traceX^ 
albumin,  and  in  certain  animals  (codfish)  also  mucin.  The  qiu&ti^ 
of  mucin  is  greater  in  the  perilymph  than  in  the  endolymph. 

Otoliths  contain  745-795  p.  m.  inorganic  substance,  which  coa- 
sists  chiefly  of  crystallized  calcium  carbonate.  The  oigaiiic  ^ 
stance  is  very  tike  mucin. 

'  ('ited  from  KQUne,  1.  c. 

•  PflOgors  Arch.,  Bd.  la 
•L.  c. 

*  Cited  fTomOomp-Besanes,  Lehrt).  d.  phjslol  Ch«ni.,  1  Anfl.,  B.  40L 


CHAPTER  XIII. 

ORGANS  OF   QENEBATION. 

(a)  Halo  Oenerative  Secretions. 

The  teftis  huve  been  little  investigiited  chi'mically.     We  find 

in  tlie  leatia  of  animals  proteid  bodies  of  different  kinds,  sfralim- 

«ntn,  atkaii  aihuminate  ('-'),  and  an  albnmisous  body  relaleil  to 

RovtOAS*  hifahntf  suMaufe,  also   Uncin.  tyrostn,  creatin,  rantkin 

es,  cMUstfrin,  Uritkin,  itntaU,  iind/rt/.      lu  regniti'to  the  occxir- 

ice   of  glycogen   the  atalemenU  are   somewhat  contrmlictory. 

abestb'  foinid  in  the  t<«tia  of  birds  st,nrf;h-likc  grauulea,  which 

er©  coloivd  Ubie  with  diftiritlty  by  iodine. 

The  lemen  as  ojcctod  is  a  white  or  whitish -yellow,  viijcous, 

Bticky  fluid  of  a  milky  appearance,  with  whitish,  nun-lranspurent 

i.ump«.     Tbu  milky  appearanije  is  dne  to  apermatozoa.     tiemen  u 

feieavier  than  water,  ooataing  nlbtimiD,   has  a  neutral  or  faintly 

■Ikaline  reaction  and  a  peculiar  specific  odor.     Soon  after  ejection 

Bmca  becomes  gelatinous,  &»  if  it  were  coagulated,  but  afterwards 

les  more  fluid.     When  diluted    with  water  white  ilskes  or 

hreds  separate  (HSKtB'S  fibrin).     According   to   the  analyses  of 

VAUQUBuy'  human  semen    contains   900  p.  m.  water  and    100 

m.  solids,   with  €0  p.  m.  organic  and  40  p.  m.  inorganic  sub- 

taiict',  of  which    30  p.  m.   is  calcium    phosphate.     Among    Uie 

buuiinous  bodies  Vo»yzn*  claims  that  ^r9/w/>/o»0  occurs  aren  in 

lie  absence  of  t)ie  spermatozoa. 

Tba  lemen  in  the  ras  deferens  differs  chieQy  from  the  ejected 
en  in  that  it  is  without  the  peculiar  odor.     This  last  depends  on 
he  admiiture  with  the  secretion  of  tlie  prostate.     This  secretion, 

■  Compt.  nod,  Toiiii>  74. 

*Ot«d  froDi  Lehaunn's  Iy>hrb.  d.  p)ijs\6[.  Ch«in    (l^ip«lg,  18S3J,    I3d.  2, 
808 
'  Berlin,  klin.  Wodwosclir.,  1688,  No.  21,  ud  CentrmlbL  f.  d.   mud.  W]*. 


ti.,  180O.  B.  497. 
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according'  to  Itersen,'  tius  a  milky  H|ipcanince  and  ordinariljr  >u 

alkaline  reaction,  very  mrely  a  ii«utral  one,  contains  small  udouuU 

ol  proteidjB  aod  miueral  bodiee,  especially  KaCI.     Qeeidea  thw  \i 

coDt&ins  a  crystalline  comljiriatioii  of  phosphoric  acid  with  a  hue. 

C,H^N.     This  cuiubiuHtiou  lias  been  calleil  BorrctiER's  tpemm 

crystals,  ami  iL  is  cluimud  thut  the  s|>ecific  odor  of  the  semeu 

to  a  partial  decoinpoBition  of  these  crystals. 

The  crj-etaJs  which  appear  on  slowly  fvajmnitiug  the 

and  which   aru  iilso  ubservcd  in  auatomiual  prepuralious  kept 

alcohol  and  iu  desiccated  egg-albuniiu,  are  identical,  acoordiugto 

ScHREiKER,  Willi  Charcot's  cryi^lale  found  ia  the  blood,  aadin 

the    lymphatic    glands    in    Icuca'mia.     Thoy    arc,    according  lo 

ScnaEiNER,'  u  combioatiou  of  phosphoric  acid  with  a  ban,  fp«r- 

mitt,  C,11,N.  which  ho  discovered. 

BptralB.  The  vii'WHin  rrgarc!  to  the  nttora  of  thia  btM  are  not  uaiBinwiu. 
AcRiinUag  to  tb«  iDVMtlfco^l'inH  of  I..iDRNBrRn  anil  AnRi.  *  it  is  not  improb- 
b(o  ibki  8p«ruiin  Is  identical  w)Ui  ethjleniiuiD,  but  ihia  iileulity  ia  dispuMi  ^ 
MAJBEirood  A.  ScHUiuT.*  audalBu  b/ Puaut..'  The  rotn[K>nf>d  of  SMrmiil 
with  phosplioric  acid  — BdttclieKs  sDcrmi'ne  cr7atal»— iii  io>olubla  in  luaobul. 
viiitfr,  and  cltJorofitmi.  hdUiI)!)'  vrith  uilTicuitT  inrolil  wat«r  but  mora  mditfik 
lii>t  water,  uni  raitily  aulubli-  in  diliilo  adds  or  a]kHlii.-£^,  b1«)  ulbalf  mrbmuM 
and  nmnionia.  TIid  tuuo  iit  pruriftitafd  b;  tannir  ncid.  mrrcum  chlorldh 
gold  chloride,  [>laliuic:  cbluride.  [K>Ui:fsii]iu-biaiuulliic  iutjidv,  and  pli:oq>!>B 
luiiL'Hiic  acid,  dpcrmin  liu  n  loaic  wttioD.  and  nccnrdine  to  Paitni.*  hhtf  ^ 
iciumod  actioi)  on  tbe  oxidatinn  prooeaaea  of  tbo  abimal  \hmj. 

Till:  spermatozoa  show  a  great  r«aistaiioc  to  oheiuicBl  reagCDti ' 
in  genenil.     They  d(>  not  distiolve  cninpletely  in  coDcetttrated  nl* 
pbtiric  acid,  nitrio  acid,  acetic  acid,  nor  in  boiling^hot  midaMlii* 
tions.     The;  arc  aolublc  iu  a  boiling-hot  caustic- potaah  solation- 
They  rettiet  putrefaction,  and  after  drying  they  may  be  obtoioed 
again  in  their  original  form  by  moistening  them  with  a  1^  mo-^I 
mou-salt  solution.     By  careful  heating  and  burning  to  an  oili  il'*| 
shape  of  the  sperioatoiioa  may  be  seun  iu  the  aah.     The  quaiitiiy  *■' | 
ash  is  about  50  p.  m.  and  consists  mainly  (})  of  potassium  f^' 
phate. 

The  spermatozoa  show  well-known  movements,  bot  th«  cs«« 
of  this  is  not  known.  This  moTement  may  continue  for  a  rort  loJi? 
time,  as  under  some  conditions  it  may  be  observed  for  s«ireral  dsT*^ 

>  Nord.  m«<I.  Ark.,  lid.  H,  k\>u>  Maiy's  JabMber..  Bd.  4.  S. 

■  AuDftl.  d.  Cli<9U.  u.  Pbariu.,  Bd.  IM. 

■  Ber.  d.  daatseh.  chem.  OBsellach.,  Bd.  81. 

•  Ibid.,  Bd.  24. 

*  Compt.  r«nd..  Tome  115. 
<  Berlin.  IiIId.  Wocbeosclir.,  1698.  No.  »«. 
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in  the  body  after  Heath,  and  in  the  secretion  of  the  uterns  longer 
than  ft  week.  Acid  liqnulfi  Rtop  these  inoToment<i  immediately;  they 
are  also  destroyed  hy  strong  alkiUtci,  espAcially  uinmoniiuuil  liquids, 
also  by  distilled  water,  alcohol,  ether,  etc.  The  movements  con* 
liinie  for  a  longer  time  in  faintly  alkaline  liquids,  especially  in 
alkaline  animal  secretionn,  and  iilao  iti  properly  diluted  neutral  salt- 
sol  titiona. 

According  to  the  inTeBtigations  of  KiEscnRR,*  there  are  feeitftin 

And  titieUin,  but  no  cerebrin,  in  the  srimiiATozoA  of  bi'lia     The 

head  of  the  spermatozoa  contains  nuclciti,  which  forms  probably 

tile  outer  part  of  the  head;  albumin,  which  forms  the  contents  of 

the  head;  and  lastly  a  auhstance  ricli  in  sulphur  which  has  not 

"been  studied.      The  tail  dissolves  in  gastric  juico  afttir  continuous 

•digeation,  and  seems  to  coni^iMt  of  prot^ids  ur  allied  bodies  which 

.show  a  variable  resistani;?  towards  pe|»in- hydrochloric  acid. 

The  SPBBMATOZOA  of  the  HnrKR  8almok  show,  according  to 
MlBSCBBR,  a  great  resistance.  'With  caii8tic-pota«h  and  sodti  solu- 
tions they  give  a  cloudy,  gelatinous  mass  which  is  precipitated  as 
shreds  by  acids;  but  theeo  shreds  do  not  din-solre  in  an  excess  of  the 
jicid.  They  are  strongly  attAcked  hy  a  15-15^  solution  of  NaCl  or 
NaKO, ,  and  the  semen  is  converted  by  snch  a  solution  into  a  stiCf 
gehktiu.  The  head  is  attacked,  but  not  the  tail  or  the  middle  part. 
This  ]tiat>mentioii«d  part,  like  the  tail,  contaius  albumin,  which  is 
dissolved  by  hydrochloric  acid  of  1  p.  m.,  but  not  in  NaCI. 
MlBSCHBB  also  found  hcithm,  /at,  ehf>Usl«rin,  guanin,  and  sart-iw 
in  relatively  large  amonnta  in  the  Mlmon-semen.  The  organic 
constituent  occurring  in  the  largest  amount  in  the  Halmon-semen 
is.  according  to  Mr.iscHRR,  a  combination  of  nvclein  with  the  base 
jtrotamin,  which  it>  soluble  in  water  but  insoluble  in  alcohol  or 
ether.  According  to  Kossel,  the  nuclein  of  the  spermatozoa  is 
nucleic  acid  (see  Chapter  V),  and  a  combination  of  nucleic  acid  and 
protamin  is  supposed  to  exist  therein. 

Trotwala.  Tbis  Imw  in,  like  iM  »a\\»,  b&rdly  possible  to  obulo  1q  perfectly 
eluracterlfltlc  cryatalti.  Tbo  jituimim  doable  salt  baa  tho  following  oomponl' 
lion.  *Mordli»(f  lo  Picx^aiO'  -  I'lCI,  -f-  a  EIUiA.il, .N,.0,t.  The  compounds 
wiih  Itidroclilorir  or  niirii;  kcid  dissnivo  r«>(lilf  in  w«l«r  Ktid  wHh  difBrultj 
in  aloobot.  Tbcv  are  iuvolublo  in  elhur  Tim  hnwv  is  pr«cipiut«d  by  EJlvor 
nitrate.  potA^taiutn-inersurio  lodldo,  poU'^.^lutn  furricxanide,  acd  phospho- 
HKdybdic  kdd. 

■  Verli.  d.  oKturf.  Qeaellscli   in  Bajte-l,  Bd.  6;  also  Malj-'s  Jkhreeber.,  Dd.  4. 

8.  sarr. 

*  Hair's  Jahmber.,  Bd.  4,  S.  356. 
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AccordiDg  to  MiEscBER,  tho  spermuto:!oii  of  ealmon  conUic 
487  p.  m.  uucloiu,  SGK  p.  m.  proUmiii.  103  p.  in.  proletd  \vA\vi, 
75  p.  m.  lecithin,  2'J  p.  m.  chotcbtiiriu,  oini  45  p.  iii.  ful.  I'iccaBI' 
found  60-80  p.  m.  giioniii  aiirt  Hurkiii  in  ripe  semen.  KosflRt  iwl 
SciiiNDLKu'  found  no  {^mnin,  hut  ranfhin  and  large  amounte 
adcniii  and  hypoxaatiiin,  in  the  sonicDof  tlu;  carp. 

Inoko,*  who  invoetigated  tho  tieinon  of  Ijulls,  boara,  and  nlmon, 
fouud  tho  four  ordinary  nucleiii  bases  in  all.  Tlic  xanthin  buet 
occumKl  Imliitually  in  greater  quantity  than  tlm  sarkiu  baeoi,  ind 
tiie  relationship  between  the  two  was  very  TBiiable. 

8p  rmUlu  is  n  nnme  wlilclt  hu  been  plT^n  to  a  cAnmitaent  nimlUr  u  ilktli 
albiii»innt«,  but  it  liftn  not  bi^en  do«ely  sludieil. 

Fr«ni>tl«  oonBr*n«an  are  of  two  liiada.  One  Is  very  anull,  ^nermlltiml 
in  sliupe  nilb  l'uiii  i.-iitnc  la/cfs.  lu  youag  but  nut  in  older  perttoiu  tlirr  ue 
colnrpii  blue  bj-  iodine  (Ivkkkkn).*  Tb»>  t-thor  kind  i"  larger,  wimeiini"  ilir 
Hlzvof  tbti  b«nd  of  a  pia,  and  cuD«istIii|!  clik'dj' uf  calcium  pLosptiain ilwut 
700  p.  ui.}  with  only  a  very  small  atnnitni,  abnut  160  p.  m..  orguilcKutwUitek 


(b)  Femalfl  QeneratiTS  Organs. 

Tho  stroma  of  tho  orariei  aro  of  littlo  interest  from  a  phyno- 
logico-chomicul  Btandpoiot,  and  the  most  important  constitueot  of 
the  ovarieA,  the  QrtL&SR&Vi  jcUieled  witli  tho  otntm,  have  thua  fAroot 
been  the  Kubjet^t,  of  a  careful  chemical  inrcs ligation .  The  flnici  iu 
the  foUiclcfl  (of  the  cow]  do  not  contain,  as  has  bct^n  stated,  ihe 
peculiar  bodica,  paralbumin  or  metalbumia,  which  are  fonud  io 
certain  patl)olog;ical  ovarial  fluids,  but  secnis  to  be  a  serous  liquiii. 
The  corpora  lutea  arc  colored  yellow  by  nn  amorphoua  pigmeDl 
called  lutein.  Bewdes  thia,  another  coloring-matter  8oinctiDK*| 
occurs  which  is  DOtBolublc  in  ulkali;  it  is  crystnlliiio,  but  not  iden- 
tical with  bilirubin  ur  hwniatoidln;  but  it  iiiiiy  be  identified  u  ^ 
loloiti  by  its  upectroscopit-  behavior  (I'iccoLo  ami  Libben,  KCBSI 
and  KWALD).* 

The  cyals  often  occurring  in  liie  OTarie^i  are  of  special  patboloj* 
ical  inturest,  and  thwe  may  have  essentially  different  coulrats.  d*- 
pending  upon  their  variety  and  origin. 

The  serous  cysts  (IItdrops  polliculorij'm  Graapii),  »•"** 
are  formed  by  a  dihiLiou  of  the  Oriiafiau  folUcles,  contain  a  m^"*! 

■  ?^t»clir.   f.   phyoioU  Chom.,  Bd. 

*Ibid..  Bd.  18. 

»L.  c. 

*SeeCUa|rt«r  VI,  p   143. 
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liquid  which  hus  a  specific  gravity  of  1.005-1.033,  A  s]>«cific 
gravity  of  1.020  is  less  froquonU  Oen«rull>'  Die  sp«cidc  gravity  is 
lower,  1.005-1.014.  with  10-40  p.  m.  aolids.  M  fur  ua  is  kuowti, 
the  coutoutflof  theev  cy8ta(]oiiOt  eeseutially  iltfiter  frota  other  «>rou8 
liquids. 

The  proliferous  oyitt  (myxoid  cysts,  colloid  cysts),  which 
are  developed  from  Pflloek's  epitheliuni- tabes,  may  havo  u  con- 
tents of  a  very  variable  uompositiou. 

We  sometimes  tiud  in  smuU  cysts  a  siimi-solid,  traaei])i(reut,  or 

I  lomewhat  cloudy  or  opulesceut  mass  which  appears  like  soliditied 

ulue  or  quivering  jelly,  uud  which  has  beeti  called  colloid  hecau^u  of 

ritit  physical  properties,     lii  ether  cases  the  cystic  uouUliii  u  thick, 

tough  mass  which  can  be  drawn  out  into  long  threads,  and  as  this 

mass  in  tfau  dilTereut  cysts  is  more  or  less  diluted  with  serous  liquids 

tlicir  couteuts  may  have  u  variable  consistcucy.     tu  other  cases  the 

fimall  cyste  may  also  contaiu  a  thiu,  watery  fluid.    The  color  of  tho 

conioiits  is  also  Turlablc.     lu  certain  cases  thoy  arc  bluish  white, 

upnlesceDt.  and  in  others  yellow,  yellowish  brown,  or  yellowish  with 

|«  aliadc  of  green.     They  are  often  colored  more  or  leas  cbocolato- 

1)rowa  or  red-brown,  due  to  the  deeomposed  blood- coloring  matters. 

The  reaction  is  alkaline  or  nearly  neutral.     The  aiKcillc  gravity, 

'which  may  rary  considerably,  is  gonerally  1.015-1.030,  but  may  in 

■Sew  cases  be  1.005-1.010  or  l.OflO-I.OSS.     The  amount  of  solids  is 

Yery   variable.     In   rare  eases  thoy  amount  to  only   10-20  p.  m.j 

ordinarily  thoy  vary  between  fiO-70-lOO  p.  m.     In  a  few  cases 

150-200  |).  m.  Kolids  have  been  found. 

Aa  form-elements  wc  Snd  red  and  white  biood-cOTjmscles^  gran- 
ular ceils,  partly  fat-degenerated  epithelium  and  partly  large  so- 
called  fiLL'iiK's  corpuscles,  fne  granular  masses,  tpithelium-ceUs, 
cItolesttriH  erifstais,  and  colloid  carpusdes — large,  cii-oular,  highly 
refractive  formations. 

Though  the  contents  of  the  proliferous  oyRt  may  have  a  variable 
compoeition,  still  it  may  be  chanicterized  in  typical  eases  by  its 
slimy  or  ropy  consistency;  by  its  grayiahyellow,  chocolate-brown, 
sometimes  whitish-gray  color;  ami  hy  its  relatively  high  fipecifio 
gniTJty,  1.01.1-1.025.  Such  a  liquid  does  not  onlinarily  show  a 
Bpoutanepu-T  fibriii-coti^iilation. 

Wo  r(in.siilerr.o?/(»if/,  meialbumin,  and  pnra?ittwjin  as  charanter- 
istic  roustitnents  of  these  cysta. 

Colloid.     This  narae  iloea  not  designate  any  particular  chemical 
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substancd,  but  is  given  to  the  couteata  of  tamers  with  certain phn- 
ical  propertii>»  sirniUr  to  gelatin  Jellf.  Colloid  is  foaud  Madiumd 
product  in  several  organs. 

Colloid  is  a  gelatinous  mass,  insoluble  in  water  aod  acetic uid; 
it  is  dissolved  by  ulk»)k«  ami  gives  a  liquid  which  is  uot  procipiUt«<] 
by  aoetio  acid  or  by  acetic  acid  and  potaHsium  rerrocyaiiide.  Ac- 
Dording-  to  I'fanniinstibl  '  such  a  colloid  is  designated  ^-isen- 
doraucin. 

8ometImeB  a  oolloid  is  found  which,  when  treated  with  s  t«7 
dilute  alkali,  giv&B  a  solution  ■imilar  to  a  mucin  solution.  On 
boiling  with  acids  colloid  givce  a  reducing  substance.  It  \»  roUted 
to  mucin,  and  it  is  cotisiiU^reil  by  certain  investigators  as  a  baa*- 
formed  mucin.  A  coDuid  found  by  Wurto*  in  the  lungs  contuoi 
G  48.09.  ][  7.47,  N  7.00,  and  0  37.44  i.  Colloids  of  different  origin 
eeem  to  have  an  unequal  cximposition. 

Metaibiimin,  This  namo  ScfiRftGR '  gave  to  a  protein  subil&tiGi 
found  by  him  in  au  ovarial  fluid.  The  metalbumin  was  consiilarRl 
by  SciiERRR  to  lie  an  albuciiiuouti  body,  but  it  belongs  to  themndD 
group,  and  it  ia  for  this  reason  callud  pacudomuein  by  the  aulfaor.' 

Pseadomuoin,  This  body,  which,  like  mucin,  give?  a  redudug 
aubHtancc  when  boiled  witit  acida,  ia  a  mucoid  of  the  folloffiog 
compoaition:  C49.75,  H  6.98,  N  10.38,  S  1.25, 0  31.74  i  (AinaoB). 
With  water  iiaeudomucin  gives  a  slimy,  ropy  solution,  andiiiaUiif 
aubstancc  which  gives  the  iluid  contents  of  the  ovarial  cyeia  tbeir 
typical  ropy  property.  Its  solutions  do  not  coagulate  on  batlinj;. 
but  only  become  milky -opaleecont.  Unlike  mucin  solutiona,  paw- 
domuciu  jtolutione  are  not  precipitated  by  acetic  acid.  With  alcohol 
they  give  a  coarse  flocculent  or  thready  precipitate  which  is  aolnbl* 
even  after  having  been  kept  under  water  or  alcohol  for  a  longtiiD'- 
MlT.n^KOFF'  has  isolated  and  investigated  a  colloid  from  an  o»ari»^ 
cyst.  It  had  the  following  compoaition :  C  51.76,  H  7.7«,  N.  10.1  ' 
8  1.09,  and  0  28.69^,  and  differed  from  muoin  and  paeudoDHC 


"  Arcli.  (.  Qjnak.,  Bd.  88. 

*Se«  Lebert,  Beitr.  xnt  KanotDnisK  de>  aft,tIertkr«h«M,  Vtrcliow^  ^^• 
Bd,  4. 

■  Voib.  d.  pliv«'tk  -lued.  Ges«llicli.  in  WUnburg.    IM.  3,    and  SUsnif)^ 
der  ph:rtiik.-mB(i.   OoMlloob.   in    Waraburg  fOr  1864-1805:  WOnbarK  ">^- 
Znttschr..  B.i.  7. 

«  ZtfiUiclir.  f,  phyraol.  Chtm..  Bd.  6. 

*  Ueber  du  pKrKioiicin.    Inau^.'Diiw.,  Berlin.  I8D9. 
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by  roduciug  Febuvu's  eolutioa  beforalwiliog  with  acid.    Hr  oadU 
it  paramucin. 

Paralbumin  is  aoothor  subatancc  discovored  by  Scheegr,'  luid 
which  occiire  in  oTurial  liquids  and  also  iu  ascites  fluida  witli  the 
simnltonoous  presoaco  of  OTarial  cysts  and  niptara  of  the  siirne.  It 
is  therefore  only  u  miztnro  of  psoudooiucin  with  variable  amounts 
of  protoid,  and  the  rcnctiona  of  paralbumin  are  cornupoudiugly 
Tiiriable. 

The  detection  of  mclalbumin  sTid  pftnlbumiu  is  naturally  coa- 
noctcd  with  the  dotectioa  of  i>»eudutuucill.  A  typjcul  ovuriul  tluid 
containing  paoudomiicin  is.  as  a  nde,  t>ufiicicntly  characterized  by 
its  physical  properties,  and  &  special  cliemiciil  Lnrostigatioii  i^  only 
necessary  in  citses  where  a  serous  fluid  contains  very  smidl  amounts 
of  psoudomucin.  We  proc-eed  in  the  following  way:  Tho  jvroteid 
is  romovod  by  heating  to  boiling  with  the  addition  of  ucetic  acid; 
the  filtratti  is  strongly  coDcoutratgtl  and  precipitated  by  alcohol. 
The  precipitate  is  carefully  washed  with  alcohol,  nml  then  dissolved 
in  water.  A  part  of  this  Milntion  in  dtgnfttml  with  saliva  at  the 
temperature  of  the  body  ftod  then  tested  for  glu''o.<e  (derived  from 
glycogen  or  dextrin),  If  glycogen  is  present,  it  wil)  be  converted 
into  glncosc  by  the  saliva;  precipitate  »guin  with  alcohol  and  thi'ii 
proc^d  as  in  the  absonoo  of  glycogen.  In  this  last-mentioned 
case,  first  add  acetic  acid  to  the  Kolution  of  the  alcohol  precipitate 
in  water  so  as  to  precipitate  any  eiisting  mucin.  The  prwDipitate 
produced  is  filtered,  tne  filtrate  treated  with  %%  IICl,  and  warmed 
on  the  water-bath  until  the  liquid  is  deep  brown  in  color.  In  the 
presence  of  peeudomucia  this  solution  giroi  Tbomheb's  test. 

The  other  protein  bodies  which  have  been  found  in  cyttio  fluids 
are  iterglobulih  and  Mralhttmin.  peptone  (?),  mucin,  and  muHn- 
peptoiu  (?).  Fibrin  only  occurs  in  exceptional  cases.  The  qirantity 
of  mineral  bodies  on  an  avoragc  amounts  to  about  10  p.  m.  The 
amount  of  extractire  bodies  (cfuile-glerin  and  urta)  and  fat  is  ordi- 
narily 2-4  p.  m.  The  remainiug  solids,  which  constitute  tlie  chief 
mass,  are  albuminout)  bodies  and  pseudomucin. 

The  i&traligamentary,  papillary  cysts  contain  a  }-ellow, 
yellowish -f^reeu.  or  brownish-green  liquid  which  conuins  either  do 
pseudo-mucin  or  very  little.  The  specific  gravity  is  gouerally  rather 
high,  1.032-1.036,  with  90-100  p.  m.  solids.  The  principal  con- 
stituents are  the  albuminous  bodies  of  blood-sernm. 

I'he  rare  tabo-ovarial  oystt  contain  as  a  rule  a  watery,  serous 
fluid  containing  no  jisuudotnuciu. 
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The  pajovarial  cy«a  or  tbe  oysts  of  the  liuambkta  lata  ma; 
attain  a  considemblc  iSta.  In  general,  aaA  when  qiiit«  typical,  tbe 
contents  are  watery,  mostly  very  pUe  yellow-colored,  wat«r-clftar  or 
only  slightly  opalescent  liqnidB.  The  specific  gravity  is  low,  l.OOS- 
1.0U9;  and  the  8olicU  only  amount  to  lO-'iO  {>.  m.  PsendoniDriD 
(loeA  not  occur  as  a  typical  constituent;  proteid  is  gometitna 
absent,  and  when  it  does  occur  the  quantity  is  very  email.  The 
principal  part  of  the  solids  consists  of  salts  and  extractive  bodiwi 
In  exceptional  ca»es  the  fluid  may  he  rich  in  proteid  and  i 
dhow  a  higher  9]>ecitic  gravity. 

In   regard    to   the  cjuantitative  composition  of  the  fluid  fi 
ovarial  cysts  we  refer  the  reader  to  the  work  of  Obruh.' 


The  Egg. 

The  Oman  ovsi  of  man  and  niammalfl  cannot,  for  evident  reMm^' 
be  the  subject  of  a  searching  chemical   investigation.     Up  to 
present  time  the  eggs  of  birds,  amphibians,  and  fishes  have  ^Kea 
investigateil,    but  above  all  the  lien's  egg.      We  will  here  OCCDJiy 
ourselves  with  tbe  constituents  of  this  last. 

The  yolk  of  the  beu'ij  egg.  la  the  so-called  white  yolk,  whicl^  j 
forma  the  germ  with  a  process  fetching  to  the  centre  of  Ihe  yollr 
{iatebra),  and  also  a  layer  found  between  the-  yolk  and  yolii-mfUL-,^^ 
braiiti,  we  find  proteid,  nuclein,  leciihiny  and  potassium  (Libbei^H 
MANN)'.  The  occurrence  of  glycogen  is  doubtful.  The  yolk-^i 
mcuihrauu  consists  of  an  albumoid  similar  in  certain  respwtji 
keratin  (Llederkaxx). 

The  principal  part  of  the  yolk — the  nutritive  yolk  or  yellgw — ^i 
a  viscous,   non-transparent,  paie-yellow  or  orange-yellow    alkaline 
emulsion  of  a  mild  taste.     The  yolk  contains  viielUn,  /actMik, 
cholesterin,  /at,  coloring}  mntters,  truces  of   neuritlin   (Bkisqb 
glucose  in  very  smaH  (|uiiiititietj,  and  mineral  bodies.     The 
rcDce  of  corebria  and  of  granules  similar  to  starch  TDa  hkstb)  '  hu 
not  been  jioaitively  proved. 

OTOTitellin.     This  body  is  generally  considered  as  k  globuU 
but  it  resembles  a  nucleoalbumin  more.     The  questioa  as  lo  w 

*  Sctulske  Studi«r  over  OvarIeo]-itt«vwdsk«r.  etc.  Koebvabtvo,  1881 
aba  Hklr'B  Jabnielwr.,  Bd.  14,  S.  4S». 
»  PfiOgeKa  Arch..  Bd.  <S. 
■  Uebcr  PtoinaTne.     Berlin.  188S. 
'Ctompt.  »nd,,  Tome  73. 
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relationsliip  other  protem  aubatanccs  which,  liko  the  aleuron- grains 
of  certain  3«>tlB  and  the  so-cfllled  •*  dotterpUittchen  "  of  the  eggs  of 
certaiu  ftahes  and  amphihians.  are  related  to  ovovitellin,  bear  to  this 
snbBtanco,  is  a  qncfttion  which  reqnlres  farther  iarestigation. 

The  ovovitellin  which  has  been  prepared  from  the  yolk  of  eggs 
ia  not  a  pnre  albuminous  body,  but  always  contains  lecithin. 
Hoppe-Sbyleh  foand  SS.*  lecithin  invitcUin  and  alao some  pseudo- 
nnclein.  The  lecithin  may  bo  removed  by  boiling  alcohol,  bnt  the 
Titellin  is  changed  thereby,  and  it  is  therefore  probiiblc  that  the  leci- 
thin is  chemically  united  with  the  viteUin  (Uoi'PE-Skylkh).' 
Bl'WOe'  prepared  a  psendonuclein  by  digesting  the  yolk  with  gaa- 
trie  jtiioe,  aud  this  pseudouuclein,  accordiug  to  Kim,  \&  of  gr^t 
importance  in  the  formation  of  the  blood,  and  on  tbt^«e  grouuds  ho 
called  it  hitmatogrn.  This  h»matogeu — whoBe  composition  is  ast 
follows:  C  42.11,  n  6.08,  N  U.73,  S  0.56,  P  5.19,  Fe  0.29,  and 
0  31.05* — seems  to  bo  a  decomposition  product  of  vitellin. 

Vit«ltin  is  similar  to  tho  globulins  in  that  it  is  iuBolnble  in 
iratflr,  but  on  tho  contrary  soluble  in  dilute  neatraUsaU  solutions 
(Although  the  solution  is  not  quite  transparent).  It  is  also  soluble 
in  hydrochloric  acid  of  1  p.  m.  aud  in  ron"  dilute  solutious  of  alka- 
lies or  alkali  curbouate^.  It  iit  precipituLud  from  its  salt  solution 
by  diluting  with  water,  atid  wbuu  uUuwvd  to  stand  sume  time  in 
contact  with  wuter  tbu  vilelliu  is  gradually  changed,  forming  a  sub- 
fltance  more  like  tlit>  albumiuates.  The  coagulatiou.  Icmpuraluro 
for  tho  eolutiou  couLaiuiug  suit  (JJaCI)  lies  betweuu  +  70"  aud  76°  C. 
or,  when  heatvd  ver)*  rapidly,  at  about  +  80''  C.  Vitelliu  differs 
from  the  globulins  in  yielding  pfiuudouucleiu  by  pepsin  digcsUou. 
It  is  not  always  or  ouly  in  part  precipitated  by  NaCI  in  Bubstatic<.>. 

The  chief  points  in  the  preparation  of  ovovitellin  are  ta  follows; 
The  yolk  is  thoroughly  agitated  with  ether;  the  residue  is  dissolved 
in  a  iO"^  common-salt  solution.  Sltered.  and  thcvitcUin  precipitated 
by  aildiiig  an  abuiidanoe  of  wati^r.  The  vitidlin  is  now  purified  by 
repeatedly  rcdissolving  in  dilute  cumman-galt  Bolutions  and  pre- 
cipitating by  water. 

IchtkaUn.  whi(!h  orciini  in  tlie  eggvot  tlie  earn  and  otlmr  fiNliss,  i)>,  luxtirding 
lo  KcMsCL  ftDd  Walter,  *  an  nuiurpliuus  (oudinufttion  uf  ilie  crjstulliue  body 
ieht/tulin.  wbt'Cb  occurs  In  the  »gga  of  tbe  I'arp.  Ichthulln  Ib  [ireciiiitatM  an 
dilut'iDi;  Willi  wAiar.  Il  u^rd  to  be  >coti9iden.'d  a.i  &  viteUin.  Af^t^ordtii^r  1» 
Wii,TKK  h  jultb  ■  p«eud«nucl«ia  an  peptic  digestion,  ud  this  pmudoDuclem 

■  H«d.  cb«m.  Unteraueb. ,  S.  216. 
*  Zmtselir.  f.  phjaio].  Cbem.,  Bd.  8. 
•Ibid  ,  Bd.15. 
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(;irpH  a  reducing  c&rbvhydniic  na  I'oiling  vr'Ah  sulphurir  icid.  tcbtlialio  bu 
th«  toDoyrine' oompoaitioo  :  <_'  5S.48  ;  llT.fid;  N  1J^,03  :  i>SS.l&.  f  0.41 ; 
1'  0.48.      It  «Im>  ROntelnit  iruD. 

Tlie  yolk  also  contaitiB,  hnsidos  ritnltin,  aJkali-ailmtninate  mA 
aihumin. 

The/nl  of  the  yolk  of  the  egg  is,  iiccording  to  Libberuann,'i 
mixtum  or  a  solid  and  a  liquid  fat.  Tho  aolid  fat  consista  chiefly  ol 
triiialinitiu  with  aoiuc  stearin.  On  the  saponificatioi]  of  the  egg-oil 
LlEBEiiUAKN  obtain^  40^  oleic  arid,  33.04^  palmitic  acid,  va^ 
16.'21^  stearic  acid.  The  fat  of  the  yolk  of  the  ogg  Rontaioe  les 
carbon  than  other  tnX&,  which  may  depend  on  the  proacncwof  mo&o- 
&nd  diglyoeridea  or  on  a  quantity  of  fatty  acid  doflcient  in  carbon 

(LlEIIEHMAKX). 

Lutein.  Yellow  or  orange-reil  amorphous  coloring  nutten 
occur  in  the  yellow  of  tlio  egg  and  In  eererul  other  places  in  the 
animal  organUni;  for  itieitanco,  in  Uie  blood-eerum  and  ecrouB  flnidsp 
fatty  tiasuoB,  tnilk-fat,  corpora  liitea.  and  in  tho  fat-globules  of  tlie 
retina.  These  coloring  matters,  whiuh  also  occur  in  the  vegetable 
kingdom  (Tui' uicai  m'),  Itavo  been  railed  hifeittes  or  lipodromes. 

The  luteiues,  which  amoug  theniiielves  show  somewhat  different 

properties,  arc  all  soluble  in  alcohol,  ether,  and  chloroform.     Tbei 

differ    from    the   bile-pigmout,   bilirubin,    in   that   they   are  not 

separated  from  their  aolntion  in  chloroform  by  water  containing 

alkali,  and  also  in  that  tht>y  do  not  give  the  characteristic  play  of 

colors  with  nitric  acid  containing  a  little  nitrous  acid,  bnt  girc  » 

transient  blue  color,  and  lastly  they  give  an  absorption •spcoimm  of 

ordinarily  two  biinds^  of  which  one  covers  the  line  /"and  the  other 

lies  between  the  lines  /'and  G.     The  Inteines  withstand  the  action 

of  alkalies  so  that  they  are  not  changed  when  we  remove  tho  fau 

present  by  means  of  saponification.  ^H 

Lulrin  liu  iivt  been  firffiiared  |mr«.     M.\Ly  ■  Iim  Touad  two  plcmoata  M^^ 
frmn  iron  in  ihe  eg^  ai   a  waier-apider  {inaja  iquinado].  one  a  n^,  aMl«ri>- 
biH,  kud  tbc  other  a  ;r'^l'°<'  pi^^«tit,  riUUolutnu.     Uotli  of  tbeae  pif^itMntoan 
co|i>r«i]  blue  hy  niirlc  ncid    conwining    nitrous  mcid,  and  bcaulirully  grMD  \ij 
coacBbtrfttedBuIpburic  acid.     Tba  abflorptioD-baiids,  wpQciktljr  uf  the  ritell^n 
lutein.  Ci^rrespood  Tcrj*  neftrl;  with  ibow  of  ovoLutein.  ^Hj 

The  mineral  bodies  of  the  yolk  of  the  egg  consist,  according  ^^ 
POLECK/of  51.2-<J6,7  parts  soda,  89.3-80.6  potash,  l3ii.l-132.S 

•l*c, 

•CeDlr»lbl.  f-  d.  med.  Wiaaenach..  1869,  No.  1. 
■  MoiiBUhaftn  f.  Oli«TU..  B<I.   2. 

'Cited  trom  Uorap  Bp^unxx,    Ij^hrbucb  d.  pb7«ol.  Cheat. .    4.  Ai 
740; 
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lime,  20.7-31.1  migUHiii.  U.&-11.90  iron  oxide.  e3».l-667.0 
phosphoric  acid,  and  5.5-14.0  parts  silicic  ucid  id  1CM>0  parts  of  ttio 
ash.  We  find  phosphoric  ticid  and  lime  tlie  most  abuiidaut,  and 
then  potash,  which  is  somewhat  greater  in  quantity  thau  the  ^da. 
These  reeulu  are  not,  however,  quite  correct,  first,  because  uo 
dissolved  phosphateoccurs  in  the  yolk  (Liukkbman^v),  and  secondly, 
ia  burning,  phosphoric  and  snlphuric  acids  ore  produced  and  these 
drive  awny  the  chlorine,  which  is  uot  accounted  for  iri  the  pr&cediiig 
aiuljses. 

The  yolk  of  tlie  hen's  egg  weighs  about  12-18  grms.  The 
quantity  of  water  and  solidti  umouiitti,  uccordjng  tu  I'.iRKES,'  to 
471.9  p.  m.  and  528.1  p.  m.  rtwpectivoly.  Aiiioiig  the  solids  b« 
foand  156.3  p.  m.  prot«id,  3.53  p.  m.  soluble  and  6.12  p.  m.  in- 
soluble  salts.  The  qiiantity  of  fat,  fu^cimling  tu  Parked,  is  228.4 
p.  m.,  the  lecithin.  calonUtecl  from  the  amount  of  phoaplioruH  in 
tho  organic  sitbstanue  iii  th&  alcohol-ethor  extrBCt,  was  107.2  p.  m.^ 
and  the  cholestwrin  17..5  p.Tii. 

The  white  of  the  egg  is  a  fuint-ycllowish  albuininuuH  fluid  en- 
uloeed  in  a  framework  of  thin  ntf^nibruriM;  and  tliiu  fluid  is  in  it«elf 
Tory  liquid,  but  scem«  vif^iioua  liecaiiBfi  of  the  jireBfinw  uf  these  fine 
mcmhranee.  That  anbsUinf-e  wfiieh  forms  tho  membranes,  and  of 
which  tho  chaUua  consists,  aeems  to  be  a  body  nearly  related  to 
bom  substances  (Likherman'n'). 

Tho  whito  of  the  egg  has  a  specific  gravity  of  1.046  and  always 
boa  an  alkaline  reaction.  It  contains  850-980  p.  m.  water,  100-130 
p.  m.  prot^id  bodies,  find  7  p.  m.  salts.  Among  the  eitractivo 
bodiet  Lkhmakn  found  a  fernicntablo  variety  of  sugar  which 
amounted  to  5  p.  m.  or,  according  to  MBiasNBB,  80  p.  ra.  of  tho 
solids.*  Besides  these,  we  find  in  the  white  of  the  egg  traces  of  fats, 
soaps,  lecithin,  and  cholesterin. 

Tb9  whit*  of  tbx  egg  duriDir  iDcubktton  bocotnas  tntnipkrcnt  on  boiling  and 
scu  in  BHLor  reaneota  Hk«  Mkali-albuinlnau.     TIiIb  albumm  T&ACUAlioiiv  * 

The  albuminoiiB  bodies  of  tho  white  of  the  egg  belong  partly  to 
llie  globulin  and  partly  to  the  albumin  group.  Beaides  these,  thp 
white  of  tho  egg  contaiuH  fi  mucoid  substance. 

'  Hoppt-tteyloT,  Med.  chain.  lIn1«rsuctL. ,  Heft  3,  S.  209 
'  L.  c. 

■  Cited  from  Oornp-BManra,  Lebrbncli,  4.  Anfl.,  9.  799. 
«PflQset'B  Arcb..  Bdd.  31.  33,  »iid  39. 
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The  ovglohuUn  is,  acconJing  to  Dillnkr,'  (^losely  relfttol  to 
serglobuJiu.  On  diluting'  tho  vrhite  of  the  egg  witli  water  it  parllj 
BepBTittifl*.  It  is  also  precipitated  hy  raagtieaiuiu  sulplxat*,  The 
quantity  of  (^'lubuliQii  m  tUt-  wbite  uf  tbe  egg  is  on  on  uvenige  6.07 
p.  in.,  ur  about  67  p.  in.  of  tlio  LDtal  proteids.  Acuordlug  to  CoHIM 
and  Hesard,'  \\v  bavu  two  glubidiua  iu  the  wbito  of  tli^  ^g,  du« 
coagulating  at  +  57. &°  C,  aud  tho  oilier  at  +  07°  C. 

Ovalbumin,  or  tho  albutuin  of  the  white  of  the  egg.  Oralbumia 
wae  Qrnt  ohlaiiied  iu  a  cryslalline  form  by  IIopmeister',  by  allow- 
ing its  solution  in  a  half-niturat<.-d  nmmoDiuDi-sulphate  aoluUon  to 
evaporato  very  *.iowly.     This  crystalliue  OTalbumlu  ie  later  forlhw 
Btudied  by  (rADRiEL.*  UoxDZYNSKi  and  ZoJA.,*  and  the  two  Ust- 
mentioned  iuTcstigatore  were  able,  by  fractioual  orystalUzation,  t« 
show  that  ovalbumin  was  probably  a  mixture  of  several  albmniDsoI 
about  the  same  elementary  compositiou  but  with  aomewhat  difler- 
ent  coagulation- temperature,  solubility,  and  epeciSc  rotation.    Iu   ' 
tho  main  these  results  are  in  accord  with  the  views  of  many  otli^ 
investigatorii,  such  a»  CtAUTiKK,*  Bkciiaup,*  Couix  and  Bebabd,' 
on  tho  occurreO'ce  of  several  albumins,  but  iu  dotuils  they  do  not   | 
agree  very  well.     According  to  OactieR  aud  Bechamp  ovalbnaiio 
ia  a  misturo  of  two  albrnniuB  with  tho  coagnlation-temperatuTB  of 
60-^63°  and  71-74°  C.  rospoctively,  while  according  to  Cohin  t»^ 
Ufjia]u>  it  is  a  mixture  of  three  albumins  with  the  coagulation- 
temperature  of   67,  7*2,    and    83"  C,    respoctively.      Acconling  to 
Bdnuzynski  and  Zo.ia  tho  portion  which  dissolves  with  difficulty 
coagulates  at  Qi.b",  while  thu  readily  soluble  portion  coagulatw 
05.5-56°  C     The  elementary  composition  of  ovalbumin  lias 
beeu  positively  witablished.    Boxdzynski  and  Zo.ia  found  C  5S.07- 
52.4i.  11  6.95-7.26,   N.    lo. 11-10.58,  and  .S   l.tJl-1.70^  for  fo 
diflereut  fractions,  which  agree  well  wiih  the  reeultu  of  theautlx^'^ 
namely,  C  53.25,  H  6.90.  N  15.25,  S  1.07-1.93<<.      IIophkictki*' 

*  Upsaln  Lakurvfs.  FDrb..  BJ.  30:  k1<k>  M«1v-«  Jkhruber..  Bd.  16.  S.  81. 
'  Tr&vaux  du  Uboratoirv  d«  I'tJDivoTaitv  de  Li^gv.   Toiai)3:  also  Ma^^ 

JaljKaber.,  Bd.  18,  R.  13. 

*Z«itM)>r,  f.  pliTsiol.  Cbom.,  Bdd.  liutdlS. 

*  Ihid..  Bd.  15. 

*  Ibid.,  Bd,  Ifl. 

*  Bull,  dn  1>  Mtc.  cklm.,  Tama  14. 
'  Ibid.,  Tome  81. 
•L.  c. 

*  ZeitMhr.  f.  pbTsiol.  Chem.,  Bd.  1ft, 
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on  the  ooiitrary,  fouml  iiiglior  figures,  53.28;*,  for  llic  carboa  und 
lower^  15.0  and  1.09<{,  for  the  tiitrogcQ  nnd  giilphiir  itispcctiTdj. 
The  8]>ecific  rotatioii  wiisdetormiucd  by.Sr.VKKK  '  08  a  (D)=  —  38". 
ItoNDZYNSKi  and  ZoJA  found  25.8-26.3".  29.16',  54.18*,  nnd 
42.54*  for  various  fractions.  Ovalbumin  \va&  the  properties  of  the 
albumins  in  gpuerul,  but  difTent  from  senilbumin  in  the  following: 
Its  specific  rotation  I*  lovtr.  It  ia  qnickly  rendered  insoluble  by 
alcohol.  It  ia  precipitated  by  a  Buffioicnt  quantity  of  hydrochloric 
acid,  but  dissolves  vitli  greater  difHculty  than  seralbumin  in  an 
excess  of  the  acid.  Ovalbumin  in  solution,  when  introduC'Od  into 
the  blood -circulation,  passes  into  the  urine,  which  is  not  the  case 
with  seralbumin. 

OTalbumin,  or,  more  correctly,  the  mixture  of  atbnniina,  may 
b«  obtained,  according  to  Starke,  by  precipiUilinfi  Ihc  globulins 
by  MgSO.  at  80"  C.  and  saturating  the  filtrate  with  Nii.SO,  at  the 
some  temperature.  The  ovulbuniin  w!u(;Ii  liHparuttni  ia  tilU-nnl, 
pressed,  dibtfolved  in  water,  ami  freed  from  Biilla  by  dialysis,  The 
dialyzed  aoluliou  ia  then  evaporated  in  a  vacuum  or  at  40*-30°  C. 
If  precipitatctl  with  al(M>hot,  albumin  h>ocomeii  qnickly  insoluble. 

To  prepare  crystallized  ovalburaiu  mix  the  white  of  eiig, 
previously  beaten  and  septiratvd  from  the  foam,  with  an  equal  vol- 
ume of  a  saturated  eolution  of  ammoitinm  sulphate,  Alter  olT  tlio 
globulin,  and  allow  the  filtrate  to  evupnnite  slimly  in  not  too  thin 
layers  at  tlie  temperature  of  the  room.  The  muss,  which  separates 
after  a  time,  is  dissolved  in  water,  trf^ated  with  ammonium  .sulphate 
solution  until  a  cloudiness  commences,  and  then  allowed  to  stand. 
After  rejteated  ravrystallizatioud  the  mass  is  treated  fither  with 
alcohol,  which  makes  the  crystals  insoluble,  or  they  are  dissolved  in 
water  and  purified  by  dialysis.  The  albumin  does  not  cryalallizo 
from  this  solntiou  on  spontuneons.  eTaporatton. 

Ovomucoid.  This  Bubstaiiee,  first  observed  by  Nbitmkirtrh' 
and  considered  by  him  as  paeudo-peptonc  and  then  later  stndied  by 
Salkowssi,*  is,  ftceording  to  C.  Tii.  Moknkb.'  a  mucoid  with 
12. SS^  nitrogen  and  2.'-iO^  sulphur.  On  boiling  witli  dilute  min- 
eral acids  it  yields  a  reducing  snbstanoo.  Ovomuooid  exists  to  a 
great  extent  in  hens'  eggs,  tbo  solids  of  which,  in  round  numbers, 
ooutain  10^. 

A  solution  of  ovomuooid  is  not  precipitated  by  mineral  acids 

■  L'pMda  [>Ak»efs  FOrh..  Bd.  16;  also  Mnl/'s  Jahrwher.,  Bd.  11,  S.  17. 

*  Zdc  Phjsiologle  dec  ElwetasretoqitioD ,  etc.    Z«itKtir.  f.  Btologi*.,  Bd., 
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>  Ootrsbl.  r.  d.  m«d.  Wiweasch.  1893. 
'  Zeiwclir.  f.  phydol.  Cbeni.  Bd.  18. 
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nor  by  organic  ucidH,  with  the  exwption  of  phosphotungstic  h'kI 
and  tannic  aci*).  It  is  net  precipitated  by  metallic  salt»,  but  basic 
lead  nootuto  and  uuituoniu  give  u  precipitute.  Ovomucoid  m  pre- 
cipitated by  uicohol,  but  sodium  chloride,  aodium  sulphate,  a&d 
mu^fucsium  sulpliule  give  uo  precipitates  either  at  the  ordinuiy 
tcinpemturu  uur  whuu  added  to  BaLuration  at  30°  C.  Its  Kotatiuof 
arc  not  precipitated  by  au  equal  vclume  of  a  saturuted  solution  of 
anirnouiutu  sulphate,  but  are  pcecipituted  on  adding  more  «dl 
ther<>to.  The  aubstancc  its  not  precipitated  au  boiling,  but  ttie 
part  which  hua  become  iDBoluble  in  cold  water  aud  then  dried  b 
precipitated  when  diesotvud  iu  boiling  water. 

Ovomucoid  may  be  prepared  by  removing  all  the  proteidl  by 
boiling  with  the  addition  of  acetic  acid,  and  tbcu  concentrating 
the  filtrate  and  precipitating  with  alcohol.  The  subotani-e  is  pari- 
£ied  by  repeiittnt  nolutiun  in  water  and  precipitating  with  alculiol. 

The  mineral  bodies  of  the  white  of  the  egg  have  been  analjwd 
by  PoLETK  and  Weber.'  They  found  in  1000  parts  of  tbeidi: 
276.6-384.5  grms.  pota«h,  335.6-359.3  soda,  ir.4-'^9  lime.  16-S1.7 
jnagneiiia.  4.4-5.5  iron  oxide.  338.4-285.ti  chlorine,  31.6-493 
phosphoric  acid  (I'/'J,  13.3-20.3  »ul|iliuric  acid,  2.8-90.4  silicJ'- 
Bcid.  and  9U. 7-116  grma.  carbon  dioxide.  Traces  of  Huoriue  bwt 
also  been  foaud  (Nickles*).  The  ash  of  the  white  of  the  egguon* 
tains,  m  compared  with  the  yolk,  a  greater  amonnt  of  chloriai!  nnd 
alkalies,  and  a  smaller  amount  of  lime,  phosphoric  acid,  and  irftH- 

The  Shell*  membrane  and  the  Egg-Bhell.  The  sljell-membnue 
consists,  as  above  eitatud  (page  4^),  of  a  keratin  substance.  The 
shell  containti  very  Utile  organic  aubatancc,  36-65  p.  ui.  The  chief 
DiasB,  more  than  &00  p.  m.,  consists  of  calcium  carbonate;  betide 
this  there  ari;  very  small  amounts  of  magnesium  carbonate  ind 
earthy  phusphiites. 

The  A\1ifiKat  Mt"rinff  of  hinlft'  ftgg8dnp«ftdfi  iipnn  ftAvnnJ  fltfIer«Dl  <olon>i9 
iDBtMrH.  A'lintijif  tbew."  wif  liiid  a  red  nr  roddinli-brown  pE)(in«nt  caIM  "etr*- 
d««  "  I'V  SouBV,'  wliicL  is  |ifrlia.|>H  id^^ntlcal  willi  liAmauipoTpttyrtD.  Th* 
green  or  liliie  i^olnrin^  iafttt«r,  SotuiK'ii  oocjf an,  sevma.  mceorUng  to  IsV^' 
MAMX/Mtid  KiuKKNUKiia,' lo  be  ptnlj  bUiwrdin  uid  paril;  abloerfff** 

tin  <^  the  hUr-piffin^  iils. 

'  Cited  from  Ilappo  Seylet'sPbjKiol.  Cbem.,  S.  778. 

•  Cou)[).  rPHi!.,  Tome  48. 

■  Cllwl  from  Kniktinlwrg,  Verh.  d.  pli7a..cbeui.  OMrllach.  ia  WBrsl'Vtf 
Bd.17. 

*  Bit.  d.  dculacb.  eh«ia.  Oesellscli.,  Bd,  11. 
■L.e. 
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The  eggs  of  birds  have  a  apace  at  tiieir  bluut  end  filtoil  with 
gue;  this  goE  coDtains  on  ati  arerage  18.9-19.9  per  cout  oxygon 
(Hcfnek).  ' 

Tlio  weight  of  a  hen's  egg  Tarioa  between  40-60  graromeK  and 
may  weigh  Bomotjmos  70  grmg.  The  shell  anil  shell-niembrana 
tugoUier.  when  carefully  cicanoil,  but  still  in  the  moist  state,  weigh 
&-8  grme.  The  yolk  weighs  U-18  and  the  white  23-34.  or  about 
doable. 

Tbe  white  of  llie  oeg  of  caKilKErtDoiis  and  booy  ti»h«s  cont&inB  only  tnuws 
bt  true  albiimiu.  And  tb«<rov«r  of  tki'  f  m^'n  rgfi  cxmBUtji.  krivirtlinK  t'>  (•>  ^COAa.* 
of  mucin  T1j«  crjmtalliuB  forTaHtioim  ij/olk-tp/tsrute*  ur  dotUrpUntc^n }  wliirh 
bkvo  bmn  obmrTed  Id  the  «);«■  uf  tb«  (ortoiM.  froff,  »v,  ttbHrk,  aiid  tilier 
fiflbaa,  and  wLkli  are  <1«»cril>«f  bj  VAr.RNriBKNKB  ildiI  Vrrmt*  under  lli« 
nanies  emt/din.  irAtfiin,  ieAtltiiiin,  and  Uhthulin,  !>««m,  oa  aUovv  Ktated  til  «>n- 
nvQtion  witli  iclitjtulln,  lo  cooaist  oblfifir  o(  phoapha^lyoopmteida.  The  lyc 
of  the  river-^rab  and  lite  lofaator  eontun  tb«  aiUD«  pigment  a«  tb«  sb<-ll  of 
thf  Knimal.  This  pipmont,  callod  ffatio^ryttatUn,  b«c»mM  red  on  I  otlliitf  lo 
watT. 

In  Tim  il  «nfl  (of  aptekodttks.  rKl.fOCATrtm.  and  iiAiJ.«oi*f  in  nid  gauxo 
depoitln  a  ;r'>irniriitl>*iiTliit«,  ailkr,  laininalnl  rnmbinaliimliaN  Itnt-a  round  wliirh 
is  called  v"-"t"*'«''I.  (NH.),3().  -J-  liK.SO.  -f  3K11S0,  ^  4U,0,  and  wbicli  i» 
uuily  »)lubli;  In  wat4ir,  hut  Ui  liiBololilt)  in  alculiul  and  uib«r. 

Thoeo  eggs  which  develop  outside  of  the  mother-oi^faninn  muat 
oontuin  all  the  elements  necessary  for  the  young  animale.  One 
finds,  therefore,  in  the  yolk  and  white  of  the  egg  an  abandant 
quantity  of  albuminous  bodies  of  different  kindm.  and  espeetalty  a 
pho.sphorizcd  proteld  in  the  yolk.  Further,  we  al»o  find  lecirhin 
in  the  yolk,  wliidi  »eemB  habitually  to  oocur  in  the  developing  noil. 
The  occurrence  of  glycogen  is  doubtful,  and  the  carbohydratefl  are 
perhaps  represented  by  a  very  small  amount  of  glucose  and  ovomu- 
ooids.  On  the  oontrury,  the  egg  contains  a  large  proportion  of 
fat.  which  doitbtletux  is  an  important  sourest  uf  nutrition  and  res- 
piration for  the  embryo.  The  chiileHUtrin  and  the  lutein  can  hardly 
have  a  direct  influence  on  the  development  of  the  embryo.  The 
egg  also  seems  to  contain  the  mineral  liodiet)  nfceoKury  for  the 
development  of  the  young  animal.  The  tai>k  of  phosphoric  acid  is 
compensated  by  an  abnndant  amount  of  phospliorixed  organic  sub- 
etaiu-e.  :ttid  the  iiut^icoalbumin  contidning  iron,  from  which  the 
hamiatogeu  (stfe  page  411)  la  formed,  is  doubtless,  u  KrxQR  claims. 
of  great  im|>ortance  in  the  formation  of  the  luemoglobin  containing 

■  Da  It<:>U-Rryinoiid'«  Arcfa.,  VHn. 

•  ZeltMbr.  t.  pbretol.  Cbem..  Bd.  7. 

*  Cited  from  Uoppa-8vJ«r'«  Plirnol.  Obom.,  S.  77. 
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iron.     The  silicic  acid  necessary  for  the  development  of  the  feath- 
ers is  also  fouud  in  the  egg. 

During  tlie  period  of  incubation  the  egg  loses  weight,  chiefly 
due  to  loss  of  water.  The  quantity  of  solids,  especially  the  fat  and 
the  proteids,  diminishes  and  tlie  egg  gives  off  not  only  carbon 
dioxide,  but  also,  as  Lieberhakn  '  has  shown,  nitrogen  or  a  nitrog- 
enous substance.  The  loss  is  compensated  by  the  absorption  of 
oxygen,  and  it  is  found  that  during  incubation  a  respiratory 
exchange  of  gas  takes  place.  While  the  quantity  of  dry  substance 
in  the  egg  during  this  period  always  decreases,  the  qnantity  of 
mineral  bodies,  proteid,  and  fat  always  increases  in  the  embryo. 
The  increase  in  the  amount  of  fat  in  the  embryo  depends,  accord- 
ing to  LiEBEBMANN,  iu  great  part  upon  a  takiug  up  of  the  nutri- 
tive yolk  in  the  abdominal  cavity.  The  weight  of  the  shell  and  the 
quantity  of  lime-salts  contained  therein  remains  unchanged  during 
incubation.  The  yolk  and  white  together  contain  the  necevuy 
quantity  of  lime  for  development. 

The  most  complete  and  careful  chemical  investigation  on  the 
development  of  the  embryo  of  the  hen  has  been  made  by  Liebbb- 
MAKN.  From  his  researches  we  may  quote  the  following:  In  the 
earlier  stages  of  the  development,  tissues  very  rich  in  water  are 
formed,  but  on  the  continuation  of  the  development  the  quantity 
of  water  decreases.  The  absolute  quantity  of  bodies  soluble  in  water 
increases  with  the  development,  while  their  relative  quantities, « 
compared  to  the  other  solids,  continually  decreases.  The  quantitj 
of  bodies  soluble  in  alcohol  quickly  increases.  A  specially  impor- 
tant increase  is  noticed  in  the  fat,  whose  quantity  is  not  very  grB«t 
even  on  the  fourteenth  day,  but  after  that  it  becomes  considerable. 
The  quantity  of  iilbuminous  bodies  and  albuminoids  insoluble  in 
water  grows  continually  and  regularly  in  such  a  way  that  th«r 
absolute  quantity  increases  while  their  relative  quantity  renjaiiK 
nearly  uuchang'sd.  Liebermann  found  no  gelatin  in  the  embryo 
of  the  hen.  The  embryo  does  not  contain  any  gelatin-fonninj 
substjmce  until  the  tenth  day,  and  from  the  fourteenth  day  on  it 
contains  a  body  which  when  boiled  with  water  gives  a  gubstw** 
similar  to  chondrin.  A  body  similar  to  mucin  occurs  in  tb^ 
embryo  when  about  six  days  old,  but  then  disappears.  The  qu>"' 
tity  of  hfemoglobin  shows  a  continual  increase  compared  to  mW 
weight  of  the  body.  Liebermann  found  that  the  relationship  of 
1  PflOger'a  Arch.,  Bd.  48. 
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the  hicmoglobin  to  tho  bodilj  voiglit  was  1:728  on  the  oloveoth 
dar  imd  1 :421  on  t)ic  tvoiity-flrsl  day. 

Tiietiwua  of  tbcplutntK  Iim  noliiiUBrsr  been  tUeaabjectof  detailwlGlieiD- 
leal  iarwtigatioB.  iu  tliv  v<i^v3  of  t)io  plieoata  of  biteho*  and  of  cms  a  erya> 
t&IUuibla  oran^e-coloroil  )ii^-nieiii  {.illiriibin  Tj  lias  huta  found,  udiI  also  aipxnn 
mriior[>lH:iU!<pit;>uaDl,  Mktkki.'ii /tirmirfiWi^i^rtn,  whicli  i*r>>nHiiIf>nsl  lut  l>i)iv(>rilin 
bjr  Iltti.'      Piicyku  '  qutwiiouu  ibti  identity  t>(  tbvse  pi^mt-ntM  with  bilivi-rdln. 

■■>nm  The  cnlTledonB  of  iln-  pl&cenia  In  ruiulnutta  a  wlilt«  or  faint  rn«e-ool- 
ortx)  'Cr«amy  fluid,  l)i»  uttrtn*  mi-k,  can  !>«  ubtalnMl  by  |im>3iur«.  It  in  nlkalioa 
lo  r«acuoD.  bui  bvcoutrn  acid  qdU-kl}*.  liaopwiSu  itravltjr  Is  1.033-1-MO.  U 
contains  as  fom-etetnanu  fat-fflobulee,  small  |;TanulM.  and  ep.ihelluiucKlla. 
Vit,  have  tnunA  81  3-ISO.fl  p.  in.  Mlidii.  81,3-IU5.<I  y.  lu.  prolvid,  about  10 
p.  m.  fal.  and  :i.T^  3  |i.  m,  anb  in  i-<v  ut«riii«  milk. 

Tliv  duid  occurrltij^  in  the  tto-callttd  onAPK-HOLC  {wota  TOMtnoaa)  lias  a  low 
tipnrrHn  n^avily.  1  UUU-l.Ol-J,  and  oontalnfl  10.-1-^.3  p.  in.  solkl«wllli9~10  p.  m. 
prul«i[i  uudw  and  0-7  p.  m,  uli. 

Tho  nmniotio  flaid  is  iu  wonion  t)un,  wbitisJi,  or  polo  yellow; 
Mtnotimei!  it  U  eomowhat  ycllowisli  brown  and  cloudy.  WJiito 
flakes  aeporato.  Tho  form-elcmenta  are  murus-corpusclas.  epithe- 
Uum-ceUst  ftU-drops,  and  lanugo  hair.  The  odor  is  sUiIo.  the 
rooctioD  neutral  or  fiiintly  alkuline.  Tho  specific  gnivity  is  1.008- 
1.028. 

The  iimniotic  Quid  contains  Uic  cotistitiient^  of  ordinary  tratisu- 
dationt>.  Tho  atnouitt  of  solids  at  birth  \n  hanlly  30  {>.  m.  In  the 
earlier  utogee  of  prej^nantry  llm  IKiid  conljiins  more  floliilH,  especially 
prot«ids.  Among  the  albuminous  IxHlioa,  Wkyl'  found  one  sub- 
atanoo  similar  to  viteUiu,  atid  with  great  probability  alao  t«r- 
albumin,  besides  small  quarilitios  of  mucin.  GlucoM  is  regularly 
found  in  tho  umnioiic  tluid  of  cowa,  biiL  not  in  liumau  beinga.  On 
the  contrary,  the  humuu  amniotic  fluid  nonluins  some  area  and 
ttliitnioin.  The  quantity  of  thodo  may  Imi  innroasod  in  liydramnlon 
(pRoonowNicE/UARNACK)/  which  dopoudson  an  increased  secre- 
tion by  the  kidneys  and  skin  of  the  foetus.  Oroatin  and  lactates 
are  questionable  conatituontd  of  tht^  amniotic  fluid.  The  qnantitj 
of  nrea  in  thu  amniotic  fluid  is,  according  to  PiiociiowKtcK,  0.16 
p.  m.  In  the  fluid  in  bydnunnion,  Pkoc  now  nick  and  Uakxack 
found  r^{>eciively  0.34  and  0.48  p,  m.  urea.  The  chief  mass  of 
the  solids  consists  of  salts.  Tho  quantity  of  chlorides  (NaCl)  il 
6.7-6.6  p.  m. 

'  MhIv's  Jahr*«ber.,  Bd.  S.  R.  887. 

'  D>#  UlnLkryBtallfi  (J»oa,  1871).  8.  IW  ;  Da  Bt>la.lt«7uioQd's  and  Uaieborfs 
Areb..l8;«. 
•/Md. 

*  Arrli.  f.  GynSlc..  Bd.  11:  aim  Male's  JahrMbw..  Bd.  7.  8.  lOS. 
■  Berlin  kiln.  W.>eh«>»chr..  1HH».  No,  41. 


CHAPTER  XIV. 

MILE. 

The  chemical  coDBtitaeDta  of  the  mammary  fflands  hare  been 
tittle  studied.     The   protoplasm   of  the  cells  is  rich  in  proteid, 
which  coDBists  in  great  part  of  casein  or  a  sabstanoe  nearly  related. 
If  all  the  milk  is  remored  from  the  mammary  gland  by  thorODgb 
washing,  the  cells  still  contain  a  lai^e  quantity  of  proteids  irioA 
swell  up  to  a  slimy,  ropy,  or  fibrous  mass  when  very  dilate  ajbli 
(1-2  p.  m.  KOH)  is  added.      These  proteids  consist  mainly  d 
nucleoprateid,   which    is    gradually    changed    by   the    action  i^ 
the   alkali.     This    nucleoproteid   gives  a  reducing  substance  on 
boiling  with  dilnte  acids.     If  the  mammary  gland  is  boiled  widi 
water,  the  protoplasm  of  the  cell  is  decomposed   and  a  nucleo- 
proteid passes  into  solution,  which  may  be   precipitated  by  the 
addition  of  acetic  acid,  and  which  is  characterized  by  its  greaW 
insolubility  in  acetic  acid,   compared  with  casein.     This  nucleo- 
proteid, which  may   well   be  considered  as  a  protoplasm-nucleo- 
proteid  changed  by  heat,  also  gives  on  boiling  with  dilnte  ntineni 
acids  a   reducing  substance  whose  nature   is  not  known.    The 
relation  this  nucleoproteid  bears  to  lactose  or  the  mother^anbetsuoe 
of  the  same  has  not  been  determined.     According  to  Bbbt,'  th* 
secreting  glands  contain   a  body  which   on   boiling   with  dilate 
mineral   acids   yields  a   reducing  substance.     Such  a  substance 
which  acts  as  a  step  towards  the  formation  of  lactose,  has  also  be^^^ 
observed  by  Thterfeldeb.'     Fat  seems  to  be  a  never-failing  co"*' 
stitucut  of  the  cell,  at  least  in  the  secreting  gland,  and  this  tsAim-* 
be  observed  in  the  protoplasm  as  large  or  small  globules  similar 
milk-globules.     The  extractive  bodies  of  the  mammary  glands '. 


1  Compt.  rend.,  Tome  98. 

*  PfiQger's  Arcb..  Bd.  32,  and  Male's  Jahnalwr.,  Bd.  18,  S.  IM. 
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been  little  inyuetigalod,  but  amcng   tbom   wo   Bad  cousidcrablu 
«muunt«  of  XAntliiu  bases. 

Ab  Iiumaii  milk  aud  milk  of  animals  are  ouontiaU;  of  the  same 
-oonstilntiou,  it  soome  boat  to  epeuk  Qret  of  tho  one  mo«t  tlioroughly 

inV(>Ktigatod,  namely,  eow'e  milk,  and  then  of  the  essential  propcr- 
.-ties  of  the  remaining  important  varieties  of  milk. 

L  Cow-f  Hilk. 

Cow's  milk  formd,  as  all  milks  do,  an  emulsion  which  couaista 
-of  very  finely  divided  fat  etispeudvd  in  u  solution  coueititiug  ehiefl; 
of  protcid  bodieii,  niilk-8U);ar,  and  sails.  Milk  is  uuii-traQS[>arent, 
white,  whitish  yellow,  or  in  thin  hiyors  somewhat  bluish  whil^>,  of 
a  faint,  insipid  wlor  and  mild,  faintly  sweetish  taste.  The  spei-ifio 
gravity  is  1.038  to  1.0:i45  at  +  15"  C. 

The  reai:tiou  of  ]wrfcctly  fittsli  milk  is  generally  amphoteric. 
TThe  exteut  of  the  acid  and  alkaline  part  of  thitt  ani)ihott!ri<!  ntic- 
iion  has  been  determined  by  different  iuTestigators.  nspi-oially 
■TiiflRNBR,"  Sebkun,'  and  Coukant.'  The  results  tin-  diffiTMit 
on  using  different  indicators,  and  also  the  milk  from  various 
animala,  as  well  as  at  different  times  dnj*ing  the  lactation  period, 
•differs  somewhat.  Thti  firfit  and  hiitt  portions  of  the  eame  milking 
have  a  different   reaction,     ('uirant  has  determined  the  alkaline 

■port  by  rzr  sulphuric  acid,  using  blue  lacmoid  aa  indicator  uid  the 


10 


N 


acid  part  by  r-  caustic  eoda,  using  phenolpbtUalein  as  indicator. 

He  found,  aa  avoragti  for  the  first  and  last  jtortionn  of  the  milking 
of  twenty  cows,  that  100  cc.  milk  had  the  same  alkaline  reaction 

N 
for  blue  lacmoid  aa  41  oc.  —  caustic  soda,  and  the  eame  aoid  reac- 
tion for  phenol phthaleiD  as  19.5  co.  ~  Bulphunc  aoid. 

Milk  gradually  changes  when  exposed  to  the  air,  and  its  reao 
tion  beconiuei  more  and  more  acid.  This  depends  ou  a  gradual 
truisformation  of  the  milk-sugar  into  lactic  acid,  caused  by  mioro* 
organisms. 

•  Cbem.  Zl«.,  Bd.  10.  S.  1460. 
•/Ml.Bd.  16.  S.  597. 

*  lVb«r  A\e  Rethtlon  der  Kali,  and  FraueBtnllflli,  «te.     tiwug.-Dlu.  Bono, 
IWl;  «I«o  l*llOger'fl  Arrli  ,  Hd.  50. 
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Ktitiroly  frcsli  nmp)iot«ric  milk  does  not  coagalate  un  boiliDc, 
but  forms  a  skin  i-onsieting  of  coagulated  casein  and  lime-nJu, 
which  rapidly  rc-fomie  after  being  remored.     Kvvn  after  |n8»iigH 
current  of  carbon   dioxide  throuj^h  Uio   fresb  milk   it  does  not 
coagulate  oq  boiling.     In  {troportiou  as  the  formation  of  lactic  ib^id 
adTftncea  Huh  behavior  changes,  and  boou  a  stugo  is  reached  wiiBU      . 
tlie  milk,  wliich  has  previously  hail  carbon  dioxide  paesed  tbron^l^| 
it,  coagulates  on  boiling.     At  a  sucond  ntnge  it  coHgnlatos  alone  on^^ 
heating;  then  it  eoagulates  by  passing  carbou  dioxide  alone  withoat 
boiling;  and  loatly,  when  the  rormatioii  of  lactic  acid  is  suRicitfii, 
it  coagulates  apoutaneously  at  the  ordinary  temperatHre,  forming* 
solid  mass.     It  may  also  happen,  especially  in  tlie  warmth,  that  ths 
caa&lQ-cIot  cuntracU  ikud  a  yellgwisk  or  yellowish-grecn  acid  liquid 
(acid  whey)  8i.'parat4;!ii.  ^ 

If  the  drawn  in  sterilized  by  heating  and  contact  witli  micro- 
organiemB  prevented,  the  formation  of  lactic  acid  may  be  etitirtlj"^ 
stopped.     Thu  formation  of  acid  may  also  be  prevented,  at  levlfn 
some  time,  by  many  antiseptice,  such  as  salicylic  acid  (I;60i%i| 
thymol,  hontcic  acid,  and  other  IkkIIbs. 

If  fni!thly  drawn  amphoteric  milk  is  treated  with  reanrt,  it' 
coE^iilatus  quickly,  uspechilly  at  thu  temperature  of  the  body,  toi 
solid  mass  (curd)  from  whicii  a  yellowish  fluid  (sweet  wbejr)  i* 
gradually  pressed  out.  This  eoagnliition  occurs  without  anychwig? 
in  the  ruactiun  of  tlte  milk,  and  Ihuri-fore  it  is  distinct  from  th( 
acid  uoagulatiou. 

Milk  Boinetinu-Ji  undorgws  a  peculiur  kitid  uf  eoa^lalinn,  boing  «m> 
into  a  thick,  ropy,  8Uiny  moKS  (iliirk  milk).     Tliis  iroDreraion  tiepends,  «««>'*■ ' 
In^  t(i  SciiHiUT-MOi.iiKiM.'    iLpoD  n  poculi&r  cliai]g«   id  whicli  the  niilMif*' 
is  mndit  t»  unilnrgu  a  sliiiiv  traaafurmatlau.     Tliia  traosfonuKttoii  hi  uaiiiwJ^ 
s  special  orifSoi/«<l  funattnl. 

In  cow's  milk  wp  find  m  form-elcmenta  a   few  colostroir 
puaclua   (ace   Colostmm)  and   u   few   pale   ouclealod   cells.    Tl* 
number  of  ilif^o  form-clenienis  is  very  small  compared  witb  t^ 
imnionsowDOuiit  uf  the  most  eeeential  form-oouatituents.  themlllt*. 
globules. 

The  Milk -globules.     Those  consist  of  extremely  small  Jrop»  " 
fat  whose  niunbcr  is,  aooonling  to  Woll,*  1.03-6.75  millioB  ■' 

'  FDfiger'ti  Arch..  Bd.  L'7. 

■Oo  theCoD<]itioii»  inHuendng  Urn  Nntnlwr  toA   Km  of   PsKkitwti*'* 
Covr'n  Milk.     Wi«cousin  Espt.  Sutioo,  Vol.  e.  1809. 
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o.mm..  and  whoso  diumuter  ie  0.OO24-iXOO4C  mm.  uiid  ('.rrir3~ 
am.  aa  ftvoroge  for  aniiiuiU  of  diirerent  races.  It  is  unquestionable 
that  tho  roilk-gtobiileB  coiit«m  fiat,  and  wo  consider  H  as  positive 
that  all  the  milk-fat  exists  in  them.  Another  and  dis]uitcd  qiies- 
tion  is  whether  the  milk-globules  consist  entirely  of  fut  or  whetlior 
,  they  also  contain  protcid. 

Acrording  to  tho  obaerrations  of  AaCHBRSOS',*  drops  of  fat.  witcir 
droppetl  ill  an  alkaline  protoid  solnUon,  are  cori^red  vitk  »  Qne 
albuminous  coat,    a  so-uallefl   hapiogen-membratie.     Aa  milk   on 
, shaking  with  ether  does  not  give  np  its  fat,  or  only  rery  slowly,  in 
<  the  preeenee  of  a  great  exceas  of  ether,  and  a»  this  takes  place  very 
readily  after  the  addition  of  acids  or  alkalies,  which  dissolve  proteids, 
it  was  formerly  thought  that  the  fat-f^lohntc-i  of  the  milk  wore  en- 
Teloped  in  a  proteid  i^oat.   A  tme  mem  lirane  haa  not  been  detected ; 
'and  since,  when  no  means  of  dipsolring  the  proteid  is  resorted  t(^— 
ffor  example,  when  the  milk  is  pr«cipitjited  hy  carbon  dioxide  after 
'the  addition  of  very  little  acetic  acid,  or  when  it  is  roagiilnted  by 
Tennet — the  fat  can  Iw  very  eiLslly  extracted  by  (>thor,  tho  theory  of  a 
special  iilbuminouH  nicmbmnc  for  tho  fat-plobulea  has  hex'-n  gener- 
ally abandon«l.     The  obacrvationrt  of  QfmnKE'on  the  behavior 
,  of  the  fat-globtiles  in  an  emnlsion  jiropared  with  gnm  have  led,  at 
I  the  present  time,  to  the  conclusion  that  each  fat-globule  iri  the 
;  milk  is  surroniuled  by  a  stratum  of  casein  solution  by  uiuaus  of 
.molecular  attraction,  and  this  prevents  the  globnies  from  uniting 
\  with  each  other.     Everything  that  changes  the  physical  property  of 
the  casein  in  tho  milk  or  precipitates  it  must  necensarily  hclji  the 
.solution  of  the  fat  in  ether,  and  it  is  in  thia  way  that  the  alkalies, 
acids,  and  rennet  work. 

\i  we  nroppt  thin  virw,  wtiicli  mtjaiiwi  furthrr  iimof.  ttc  iniiat  not  overlook 

Id*  fact  that  tliofHt-gloliules  romaln  unrlinng-nl  nrlirntli4>  milk  iin<lpr  n|^(Alti>n 

Ib    ciwanl*lf>(l  nitli    Twnnait.      Iti    lIiim   ro-ne  vtri   finil  nn  tmnii-it)in  niinilH-roF  iiu- 

cllUMpU  raillc-|;lubu1f''    In  (be  wbey,  utid  if  w«  l*l^il  to  itduLii  of  n  Klmluni  of 

proUMfli*  amutxl  the  fKt-globule^  proceedlnf;  from  t\\e  mnlnt^ular  ftltriftlmi.  vri- 

'  mult  iitit  cunBidcr  lliat  It  is  entirely  dur>  lo  t*5ein,  but  to  prtfteid  in  K<^ii<-ral. 

If  (tie  fai'glcibuleM  »rc  Hltirmi  i.>fT  itnil  nnsUi  ij  on  a  &it«'r,  w«  alwAya  obtain 

(RAi)KMiAr«i£N  utd  ItAMi.KWHKV)*  Kfivf  tbi?ir  ircntuiuDt  wiili  Kher  a  re«i(tii(t 

eoosiftiinf;  of  proiftid.     Fr»m  lliiit  li^'buvior  tht-  iJFdiictinri   li&s  b>i'en  madt-  ib»t 

tlic  f«l-plnlml<'si,  ovrn  jlimigb  tJii-j  bavn  no  n-st  inptnlirnno,  consist,  nevertlie- 

]«M.  of  fat  *">!  proit'ifl.     Tnv   (.■ttn'mc   dtfIl<'TiIlv  of    irrriTilfli'Iv  rcmovinp  ilie 

,  albnininouK  LKxIiesnf  tliu  luUk  by  wiuililnic  llie  f«t  on  ilic  tUt^r  mnrlnm  il  dpcm- 

'  WKTj  to  eierciae  gte»X  (».aUoD  Id  drawisg  &  coDcluaion.    Tlie  (|ue«itiiut  m  to  the 

■  Arcli.  f.  Anat.  u.  Physiol..  1840. 
I        *PflQger'sArcb.,  Ikl.  IS. 

*  ForacbiiojieD  aut  dem  (iabeite  dtr  Viebballun^  (Bmrnon,  1880),  Deft  9. 
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ConpOMtlaii  n(  llir  millfftlobulm,  uid   r*p»ri»Il7  a*  to  tb*  pawibls  amonnt  <if 
proleid,  caonoi  bn  decid^  ai  pnMWDi. 

Tbc  milk-fat  hue  a  rather  rariablo  specific  gravity,  which  ao- 
cording  to  Boiiit'  isO.aifl-O.flfW  «t  +  15''C.  The  iDilk-fat,  vhich 
IB  obtatned  under  the  name  of  butter,  consists  in  ^reat  part  of  iIk* 
ncatral  fata  paimitin.  olein,  and  tU/trin.  Brides  thne  it  contains, 
ns  triglycerides,  myrisiie  acid,  small  qnantities  of  butyric  add  atid 
eaproic  arid,  traces  of  eapryHr-  acid,  cttpric  acids,  iauric  acid,  and 
nraehidir  acids.  Bntter  which  ha^  been  exposoi  to  the  action  of 
fliiDlight  contains  also  formic  acid  (nr<'L.ii'\).  Milk-fat  also  con- 
tains a  small  quantity  of  Ifitithin  and  cfiotesttfrin.  aUo  a  fellow  eol' 
oring  matter.  Thr>  quantity  of  volatile  fatty  acids  in  bnttcr  U,  ae- 
cordiof!  to  Di'CLAtJS,'  on  an  arprage  about  TO  p.  m.,  of  wbiob 
Wi-5\  p.  m.  is  butyric  acid  and  fiO-33  p.  m.  is  eaproic  acid.  The 
non-rolatile  fat  consists  of  ^  to  y^  oletn,  and  the  remainder  of  a 
mixture  of  palmitin  and  stearin. 

Ai-mnline  u>  ntlirr  invrjtti^atnn  milk-fKt  hwi  a.  diffnmnt  compositioo. 
RoKKOKD*  igund  in  battar  fnnu  Jutland  beside*  olvic  acki  two  uthrt  acids  oot 
brlungine  to  tli«  .leneH  C.HuUi,  liAYln^;  tbe  formulc  C.tHiiUi   and  Iprobkbly) 

Id  100  p*rW  Mty  Mid*  b«  Touod  Mpvts  acidaof  tlw  wrtMC.HMOi,  buiw- 
Ij,  %  Kteu'ie  acid.  2&  psimitjc  add,  22  lu^mtie  acid.  8  Uurk-  arid,  1,6  bntjrte 
acid,  3  captoie  add,  t  capric  acid,  and  OS  CApr^lic  ai-id.  Aceonlin^  la 
Waku.TK*  buttprdo^a  Dot  ooDtaiD  an;  paliuttic  arid.  It  conlaJOii  LDSl««d  aa 
sod  called  hy  liim  aidmaimitie  aeid.  witli  tfau  formula  (Ci*H*>U»)k.  andool  be- 
lou/iiipbi  tbc  nicU:  acid  avriM.  TliA  t«laUV(^  quantltlM  of  tli«  dUfcreat  fattj 
acidi  do  nut  aatMu  to  ba  comilaiit,  aud  tb«v  diflier  at  rariuua  tltnoa  during  las* 
Utbun. 

Tb«  ()nai)iity  oT  ralstllo  fatty  adds  in  bntierfat  ia  at  GTMt  practical  lm> 
purlanc^  in  lh«  mctboda  fur  (leI«ctiojf  th«  prc^rocv  of  forai^  fatn  in  buu<-r. 
Tbisdai«ctioa  U  pvrfuniM^  gvovniljr  aocoiitlng  ut  Kkickkkt'h  |>r»c<ws  bawNl 
CQ  HanrsB  and  Ahqell's  mutliod.  TIm  fat  is  «a|K>uiGed  with  alcohoUe  pou 
ash  and  th«*loobol  ev«poTai«d,  Tb«  o^aps  are  dlvtntr«d  in  watttr,  and  Uirn 
dtstii:«l  witb  an  flirwui  of  p1iii«pLuric  aoid.  Tbe  qiuuititj  of  Tolalila  fatty 
avid'  in  tliv  diMlllaiti  i»  deturuiiaMl  by  UinilioD  witli  decioociiial  alkali.  With 
Ixttlff  of  prop«r  <mi)|>ni<iitii>n  2.K  ^rmii.  tboiild  jletd  a  dUtUlaU  raquirinf; 
H-lScc.  furueutralieaiKdi,  and  itl  I«ast  not !«««  iban  13  cc.  of  lliv  de«itiurtDal 
alkali,  lu  proponlOiD  as  the  butior  ooataiaB  a  greater  quantity  of  foreign  r*tA 
tbe  iiuaotttj  of  alkali  r«qair«d  beooawa  Hnaller.  W«  caonot  h^n  de«wrri)<»-  ■» 
detail  tlie  diflTvinl  modincationa  of  this  propgss  ss  w«U  as  tb«  nswer  m«lbi>d» 

The  nulk-placma,  or  that  Quid  in  which  the  fat-globulc8  arc  eus- 
ptmded.  contains  at  least  throe  different  albuminoos  bodies,  casein, 
tactoglolmli  n,  uud  Uictalbumtn.  and  two  oarbobydratea,  of  which  only 

•  IHfldler  ov«r  Mwlk.  KJObeiihaTD.  18S0,  sad  Male's  Jalir«ab«r.,  Bd.  10^ 
8.  1S1. 

■Oonpt  rand,.  Tonw  101. 

•Bait.  di'VAcail    Kor.  I»»n..|«P.  189!. 

•  Chwn.  News.  Vol  R3 
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one,  the  milk-augar.  U  of  great  importaiitv.  Tlie  milk-plnsniaaliKi 
oontaioB  extractive  l>odiw,  trace*  of  ureu,  creaftiit  '•reaftni»,  ht/i>o- 
zanthin  (?),  itcithin,  cholealeriti,  i-itHf  iiciif  (Soxulkt  unci  Hks- 
kel),'  and  laistlj  also  mineral  bodies  aud  goMa. 

Cuflin.  Tliis  protcia  subetunce,  which  thus  hr  has  U-t'u  de- 
tected positively  only  in  niilk,  belongs  tu  the  nuc]eoalbuniin».  and 
differs  from  the  albuminates  by  ite  coataining  phoaporus  and  hy 
its  behavior  with  the  rennet  enzyme.  Casein  from  cow's  milk  has 
the  following  compnaition :  C  fi3.0.  H  7.0.  N  lit.:.  S  0.8,  V  0.8B. 
aadO'ii.GSi.  Its  specific  rotation  is,  according  to  IIophe-Skyler.' 
somewhat  Tariable;  in  neutral  solution  it  is  a  (I>)  —  —  8(i".  Tho 
qoestion  whether  the  easeja  from  ditfcrent  rarieties  of  milk  is  idea- 
ttcal  or  whether  there  are  acTcral  different  caaeius  has  not  been 
IMwitively  tleterniinod. 

Casein  when  dry  appears  like  a  fine  white  powder  whinh,  after 
heating  to  100^  C.  or  somewhat  almve,  shows  the  pro|>erlie«  and 
solnbilities  of  freshly  precijiitatal.  still-uiolet  oiu^eiu.  Casein  is  only 
slightly  M)Inble  in  water  or  in  neutral -salt  solution«.  A<*orditip  to 
Arthur'  it  is  rather  easily  Holuhleiu  a  W  sohiLion  of  aodinni  tlno- 
ride,  ammonlnni,  or  pottutsiiini  oxalate.  It  a<'U  like  a  ratherstrnng 
acid,  diasolToe  readily  in  water  on  the  arlditioii  of  very  Httle  alkali, 
forming  a  neutral  or  acid  liquid,  and  lastly  it  dissolves  in  water  in 
the  presence  of  calcium  carbonate,  from  which  it  expels  the  carbon 
dioxide.  If  ca»cin  ia  dissolved  in  lime-water  and  this  snlution  curo- 
fully  treated  with  ver}'  dilute  phosphoric  acid  until  it  m  ncutml  in 
reaction,  the  casein  appears  to  remain  in  solution,  but  \s  probably 
only  swollen  as  in  milk,  and  the  liquid  ron(«mrt  al,  the  same  time  a 
lar]^  quantity  of  calcium  phosphate  without  any  prpri|Htate  or  any 
risible  sus[)ended  particlai.  The  Oisein  solutions  (x>nfjiining  lime 
are  opalescent  and  have  nn  warming  the  appearance  of  milk  deficient 
in  fat.  Therefore  it  is  not  impo-utible  tlmt  the  white  iio\nr  of  the 
milk  is  due  partly  to  the  casein  and  calcium  phosphate.  S^lLnNRR 
has  prepared  two  calcium  eombinations  of  casein  with  1.5.1  and 
2.36;C  CaO,  and  these  combinations  are  doaignatod  di-  and  tricalcium 
oHein  hy  CorRAirr.' 

'  Cited  from  F.  i^Oldner.  Die   fla1z«   der   Mflch.  «!«.   Luidwinluwii.  V«r- 
snehsstation.  EM.  S5.     6e[uirBtBlisijg.  S.  18. 

*  Huidb.  i|.  plivaioL.  u.  putliol.  cbem.  AnAlyw,  6    Aiitf..  S   359. 

*  Tbtsw  i>r««eDl£«a  1  l«  faculto  den  acicneea  d«  Paris,  1808. 
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Caseiu  solutions  cIo  not  coagulate  on  Itoiting,  liiit  tir«  covered 
milk,  with  a  itkiu.  Tliey  are  precipitated  by  verv  Iittl«  acid,  bal 
the  presence  of  neutral  salts  retards  the  precipitation.  A  caseio 
aolution  coutaining  salt  or  ordituiry  milk  requires,  therefore,  man 
acid  for  pruci])itatioTi  than  a  salt-free  solution  of  cuaein  of  the  buik 
CO nren Initio II.  The  precipitated  casein  dissolves  verj'  easily  bj^Iq 
in  u  small  excess  of  the  acid,  but  Itssa  easily  in  an  excees  of  acetic 
acid.  The  avid  solutions  are  precipitated  by  mineral  acids  in 
ejccess.  Caseiu  iit  precipitated  from  nontral  solutions  or  from  milk 
by  common  salt  or  niagneeinm  sulphate  iu  substance  witUoat  cbaog- 
iug  its  properties.  Metallic  e.Hlta,  gnch  a«  copper  suljtbate,  com; 
pletely  precipitate  the  cawin  from  neatral  sohitious. 

The  property  which  is  the  moat  characteristic  of  caeeiD  U 
it  coagulates  with  rounot  in  the  pnjscuco  of  a  sulticiently  grsit 
amount  of  limo-salts.  In  eolntions  free  from  lime-aalta  the  eaatin 
dues  not  coagulate  with  rennet;  but  it  is  changed  so  thai  the  soJn- 
tion  (even  if  the  enzyme  is  destroyed  by  heating)  yields  a  oougukud 
mass,  having  tho  properties  of  curd,  if  lime'salts  are  added.  The 
rennet  enzyme,  rennin,  has  therefore  an  action  on  casein  eveo  iu 
the  ;ib&eocc  of  lime-salts,  and  these  loat  arc  only  noceaaary  for  tiic 
coagulation  or  the  eeparation  of  the  curd.  This  fact,  which  ffui 
firHt  i>rovi)ii  hy  the  AiTiioit,'  liaa  lately  been  condrrned  by  AbtiiI! 
and  I'agk^.'  ['ktuils'  claims  to  have  found  that  panicasein,  wbei 
diHAolved  in  lime-water,  may  bo  roiHiatedly  (toiigntated  by  ramA- 
According  to  Petkk.s  rennet  also  coagulati-i^  alkali  tilbnminato,M 
&Uo  vogetablo  protcid  bodies  })n.-L-ipitnted  by  acidn  (whttal  mid  pew) 
vhen  dissolved  in  lime-water.  Several  enzymes  existing  in  tib* 
planet  kingdom  also  have  tho  same  action  as  rennet. 

TliG  curd  formed  on   the  coagulation  of  mitk  contains  lir^ 
rinantitiee  of  calcinm    phosphate.      According   to   SoxHiJrr  af'^ 
SoMiVEK,'  the  aoUtble  linie-anltB  arc  only  of  essential  importance    "*"" 
coagulation,  while  the  calcium  pbcsplmte  is  witbont  Jmportanc^^ 
According  to  Coukant*  the  culcium  casein  on  congnlatton  m^^l 
carry  down  with  it,  if  the  solntion  ooutaius  dicalcinm  pho8phate,JJ9 

■  Maty'a  Jalirmh«T.,  Bdd.  3  and  4:  a\'^  Hanuu&nKrD,  2ur  Kptinttiiw  <C-^ 
Kiwi-IiHi  und  litT  Wirkmiff  ilea  Lalifenunnten.  Ni)V»  Acn*  Hag.  Soe.  Srff^^^ 
UpMl*.  1877.     Fci.b.cljrirt. 

■  Arcli.  An  Phyiiol.  (S),  Tom«  8,  and  M«ra.  Soc.  biol..  Tonic  48. 
'  UntcR.  fiber  dw  L«b  und  die  Lftbllliallch«n  Prnnitale.    RoMoek.  IflM. 
M..  t 
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part  of  tLU  as  tricalciuin  phoaphiite,  leaving  monocalciom  phosphate 
in  the  solution.  The  oh«micHl  t>roc«6«e«  whicli  tiike  place  in  the 
rennet  coagulation  have  not  be«n  thoroughly  investigated ;  etill 
several  obeervatiouu  seem  to  ehov  that  casein  splita  partly  iutu  a 
diflicnltly  eoliible  body,  jxtraeajfein  or  curdy  whose  cuui^msition 
cloiwly  resuuiblea  that  of  caiieiu  and  which  lurma  the  chief  product, 
and  partly  into  an  easily  soluble  aubatauce,  tiimilar  to  albuniOEO, 
lohey-pr'tieiti,  which  iti  dellcient  in  carbon  and  njttogeii  (oO.^i^  C 
and  VA.'i^  N,  KOstxeb')  and  which  ie  produced  in  very  small 
quantities.  Paracusein  *  is  not  further  changed  by  the  rennet 
enzyme,  and  it  has  not  the  same  property  of  holding  calcium  phos- 
ph&te  in  solution  ue  coeoiu  haa. 

In  the  digestion  of  casein  with  pepsin  hydrochloric  acid  pmuito- 
naclein  Ih  split  ofT.  The  qnantity  of  pgeudouuclein  split  off  is, 
according  to  iMoaAczEWSKi,'  very  cousideruble,  from  1.29  toUl.IO<( 
of  the  digested  ou«n.  JSalkowkki  and  Hjlhn*  and  Sieuelikn  * 
have  also  foand  with  Moba.i;zi>wski  tliat  the  (^nantity  of  ]>guiidQ- 
QQCloin  eplit  off  in  the  peptic  digestion  of  cuaoiii  is  very  variable. 
SKBELtHN  88  Well  08  Wllldexuw  attd  MoBACZEnuKi  coald  not 
bring  all  the  pseudonnclein  in  soUilion  by  continuous  digestion. 
The  ([uantity  of  iihouphorua  in  the  piioadoiuiclein  aUo  viiriea  between 
0.88  and  6.86^,  and  of  tho  casein  phoajihorus  varying  quuntities, 
6  to  ^0^,  were  obtained  in  tho  psoudoiLticleiu.  All  the  phoi^pliorcs 
of  the  casein  was  never  obtained  us  psoiuloniideiii,  and  Mcira- 
czBwsKi  draws  the  conclusion  from  his  investigations  that  the  jukhi- 
donnoloin  from  the  beginning  does  not  contain  all  the  phonphorus 
of  the  casein. 

Casein  niay  be  prepared  in  the  following  way:  The  milk  is 
dilnteil  with  4  vols,  water  and  tho  mixture  treated  with  acetic^  ncid 
to  0.75  to  1  p.  m.  Casein  thus  obtained  is  purifled  by  repented 
"Blntion  in  water  with  tho  aid  of  the  smallest  quantity  of  alkali 
ipoesible,  by  tihrating  and  reprecipitating  with  acetic  acid,  and 


■  8e«  U»,\fn  Jahnniber.,  Bd.  tl,  U.  14. 

*  It  has  b«en  recentlT  propoaed  tu  dL-siipiW  t1i«  ordinary  cwwln  ha  riutdinn- 
^u,  tnd  th«  cunt  Lt  rJUTiln.  .Mthough  niirb  &  prnponltlon  ia  tlirorciicallr  fm-- 
TMct.  il  lends  in  practica  to  onfumon.  On  tliln  arcniint  the  author  rails  (lie 
«:unl  p»r»nuw1n,  according  UiBcbulzeuid  KOae^Laodwirtbsck.  V«raucliiwLBt., 
-Bd.  SI ). 

*  Z«lMclir.  r.  pbrsiol.  C'bem..  Bd.  20. 

*  PltU^r'8  Arcb..  Bd.  50. 
'  Zeliaclir.  f.  phyaiol.  Chem.,  Bd.  80. 


4S8 


jfrcf. 


thoroughly  waafaing'  vith  water.  M«t  of  the  milk-fat  is  retuaed 
bj  the  filur  on  the  first  filtration,  and  the  casein  contAminated  with 
tTBoes  of  fat  is  pnrified  by  treating  with  alcohol  and  «t)><-r. 

LaetofflobuiiH  wa«  obtained  bj  Sebeuen'  frotn  cov'»  milk  bj 
Mturating  it  vith  NaCl  in  snhstanc«  (which  precipitated  the 
«awia),  and  lafcarating  the  filtrate  with  magneainm  salphat«.  Am 
far  as  it  haa  been  iovescigated  it  had  the  properties  of  terglobalia, 
with  which  it  im  perhaps  ideoticaL 

Lactalbumin  was  tir^t  prepared  in  a  pii:<;  state  from  milk  by 
Sebeuem.'  la  composition  ia,  according  to  Sebbuex,  C  52.19, 
H  7.ia,  N  Ifi  77,  S  1.7:i,  O  3:j.]3^.  Idctalbnmin  has  the  proper- 
tics  of  the  albnmlns.  It  ooagoUtee,  Bcoording  to  the  concentratioD 
and  the  unonnt  of  salt  io  aolation,  at  +  72"  to  84'  C.  It  is  similar 
to  aeralbnmiu,  but  differs  from  tt  in  having  *  cou&lderabiy  lower 
specific  rotatory  power:  o-  (P)  =  —  37^ 

The  prinoipte  of  the  preparation  of  lactalbtunin  is  the  same  as 
for  the  preparation  of  Bcralbumin  from  Mrnm.  Theca«ein  and  the 
globolio  are  remored  by  MgSO,  in  s^nhRtance  and  the  filtrate  treated 
as  pierioasly  stated  (page  123). 

Thd  occarrmev  of  otbeTftlbomiixw*  boiU«s,saeliMal(HNiMMaiMlpiplMM. 
in  milk  liu  not  htea  pMiiirttty  proTfld.  Theae  bcMlles  ars cuitj  prodaradaa 
UboTfttioa  pnxlucis  from  thir  other  pnAmida  of  Ui«  milk,  SocL  m  \mbonttioa 
pn-tloct  is  Miixom'b  utd  Cok-ville's  Uelopr^ttn.  wbkh  U  a  mIxluN  of  a 
little  eueio  with  ebangvd  klDomia.  uid  klbumotw,*  vhioh  b  fonned  bj  ttw 
clieiaical  upentions. 

Milk-tngftr,  Lactose,  C„n„0,.  +  H.O.  This  tugar  with  the 
el«orptiou  of  water  can  be  split  into  two  glnooMs,  dtJ-frosf  and 
gaiactost.  It  yields  miicic  acid  by  the  action  of  dilute  nitric  acid, 
besides  other  organic  acid?.  LeTolinic  acid  is  formed,  besides  formic 
eoid  and  homin  sabstances,  by  the  stronger  action  of  acids.  By  the 
action  of  alkalies  amongst  other  prodacts  we  find  lactic  acid  and 
pyrocatochin. 

^lilk-eagar  occarSf  as  a  rale,  only  in  milk,  bat  it  has  also  been 
foiuid  in  the  nriDe  of  pr^nant  women  on  stagnation  of  milk. 
According  to  the  statemeats  of  TxPrELand  Uicbmoxd'  the  milk 
of  the  Kgyptian  hoffalo  does  not  contain  milk-sagar,  bat  a  sagar 
which  tber  cull  temtikott. 


'  8-lfcttr.  i.  pbyuol.  CbMn  .  Bd.  9. 
•L.  z. 

*8«B  IUininarBt«n.    Tebrr  dsn    tAktopniMtii. 
't;  aUii  AUlT  B  Jahnsber.,  Bd.  S,  8.  IS. 
Mm.  t^m.  Soe..  LoDdoe.  18M.  p.  7M. 


Nord.  ned.   Aikiv..  Bd.  8c 
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Milk-sng&r  occnnt  ortlinArilT  m  colorless  rhombic  crystals  wjtli 
1  mol.  of  water  of  crystallization,  which  ia  driven  off  by  slowly 
heatiDg  to  10i)°  C,  but  more  easily  at  130-140=  0.  At  170°  to 
180^  C.  it  is  converted  into  a  brown  amorjitioaa  ma«8,  lactocuramel, 
C,H,,0,.  Milk-DUgiu'  diBsolvefi  in  0  jiarU  cold  and  iu  2,5  parts 
boUiug  watery  it  ban  a  faint  swcetiBli  Laete.  It  doets  nut  dissolre  ia 
etber  or  absolute  alcohol.  Its  solutioud  are  dextrogyrut«.  Ths 
rotatory  power,  which  on  heating  the  Milutiou  to  IOC*  O.  becomas 
constant,  is  a  (D)  =  -{-  5*^.5°.  Milk'sugar  combines  with  btuefi; 
the  alkali  combiuatioue  are  iudolnblo  in  alcohol. 

Mill(-«ugar  iit  not  fermentable  with  pure  yeast  It  undergoes, 
on  the  contrary,  alcoholic  fermoatatioQ  by  the  action  of  certain 
ecbixomyootos.  and  lactic  acid  is  produced  thereby.  The  prep- 
aration of  inilk-winc,  "  kumi/sa,"  from  mare's  milk  and  "  kepkir''* 
from  cow's  milk  is  bused  npon  this  fact.  Micro-organisms  produce 
a  lactic-acid  fermentation  in  lactose,  and  this  explaius  the  ordinary 
soaring  of  milk. 

Lactose  responds  to  the  reactions  of  grape-sugar,  such  us 
Moobe'b  or  Trommer's,  and  the  hismath  test,  which  will  nil  be 
ribed  in  Chapter  XV  on  the  urine.  It  aUo  reduces  mercuric 
wide  in  alkaline  solutions.  After  warming  with  pheuylhydrazin 
acetato  it  gives  on  cooling  a  yellow  crystalline  precipitate  of  phcnyl- 
lactosuzon,  C^,1I,^N,0,.  It  diflcrs  fronwcane-sagar  by  giving  posi- 
tive  reactions  with  Moohk's  or  Tkummkk's  ami  the  bismnth  tost, 
and  nbo  that  it  docs  not  darken  when  heated  with  anhydrous  oxalic 
iicid  to  10*)°  C.  It  dilTors  from  grupe-scigar  and  maltose  by  its 
solDbility  and  crystalline  form ;  but  especially  by  its  not  fermenting 
with  yeast  and  by  yielding  macic  acid  with  nitric  acid. 

For  the  preparation  of  milk-sugar  we  nuike  iiae  of  the  by-prodaet 
in  the  preparation  of  cheese,  the  sweet  whey.  The  proteid  \n 
removed  by  coajmhition  with  hent  antl  thft  filtntte  eraporjited  to  a 
syrup.  The  crystals  which  separate  after  a  certain  time  are  recrya- 
tallized  from  water  after  decolorizing  with  animal  charcoal.  A 
pure  preparation  may  be  obtained  from  the  commercial  milk-Bugar 
by  repeated  rccryii^tiilliKatioti.  The  (juantitutivo  OHtimatinn  of  mtlk- 
Bugiir  may  in  part  be  performed  by  the  polaristrobonieter  and  partly 
bv  means  of  titration  with  FEiiLiNd'a  solution.  10  i:.  c.  of 
F'ElllJNtt's  Rcliition  corrtaponds  to  0.0C7  gmi.  milk-sngar  in 
0.5-1. o<  solution  and  boiling  for  6  minntes  (in  regard  to  Fehlino's 
eolation  and  the  titration  of  sugar,  see  (Chapter  XV). 

HtTTHAUSBN '  hftA  fnund  ann^ilier  ci&rbobrdraM  in  ml1k  which  is  BoInbl«  ia 
>  Joam.  r  prskl.  Clieni..  N.  p.,  B^l.  I& 
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wMtr,  Da-errfftallissbl*.  whicb  hu  b  Cunt  radaeiag  actran.  ui<]  which  rivlds 
0*  bnlUng  witii  ta  kc^il  k  Ledy  bftvLa;  *  p«atcr  rrdaciag  pow«r.  LASDwami  ■ 
opn«iilpr«  iiiis  ■;•  miinal  ^m,  and  BlrRftlCP*  ut  dextrin.  Aooordlng  to  J. 
Bbm'  icnnulM  oorur  1b  ailLk,  whk'b  act  like  »tareh  with  iodlB*!  maA  whidi 
■»  perhApa  aalaMl  atueh. 

The  mineral  hodieg  of  nulk  will  be  traaud  in  connection  with 
Its  qokbtitatire  cdmpodtion. 

The  methods  for  the  qnantit&tire  analjrie  of  milk  are  Tafr 
■uoaenjua,  and  as  ther  cannot  all  be  treated  of  here,  we  will  give 
the  ehi«f  poinu  of  a  few  of  the  most  trostwonhT  and  moat  fr*- 
qnently  employed  method*. 

la  deLerminin^  the  foiids  a  carefolljr  weighed  qamoti^  of  milk 
n  mixed  *ith  on  equal  weigLt  of  heated  qaartz  sand,  line  gla« 

Evder,  or  aghesUa.     The  evaporatioD  h  fint  done  on  the  vater- 
th  and  fiot^Hed  in  a  cnrrent  of  carbon  dioxide  or  hydrogen  not 
abore  ICMi'  C. 

The  mimtral  bodies  are  determined  bj  aihiug  the  milk,  nana 
the  preauitiou  oMntioaed  in  the  text-books.  The  resolls  obtajoea 
for  Uie  pbatpbone  acid  are  incorrect  ou  account  of  the  barning  of 
pbo^ibomed  bodiea,  sadi  as  oaaao  and  lecithin.  We  miui  them- 
fore,  aoocNrdiDg  to  Sdu>SBa.*  aabtmct  25<  from  the  total  nbosphorio 
acid  foaiid  in  the  milk.  The  qnanlitj  of  ralpbate  in  the  sab  wXm> 
depeodf  on  the  baroiog  of  the  proteida. 

In  the  determination  of  the  tolal  amount  of  prwUidn  we 
nake  om  of  RrmiAL^cx'b'  method,  namely,  precipitBto  the  milk 
with  copper  anlphate.  This  method  givea  inoorreet  reonlts  beeanae 
the  copper  hydroxide  doea  sot  ^re  op  all  its  water  of  hrdmtioo  on 
dfTing  the  precipitate,  bnt  onlj  nft^r  a«liing  the  aame.  The  revalta 
for  the  prott-idi  are  therefore  aomewhat  too  liigh.  I.  Ml'XK'  haa 
modified  tliif  jiroceea  id  this  wide,  tlial  be  prectpilatee  all  the  pn>- 
teidj  br  means  of  copper  oxrbydrate  at  boiling  heat  and  detcmuoM 
the  nitrogea  in  the  ppecipitato  by  means  of  Kjeloahl's  meched. 
Tfaia  modification  girw  exader  malts. 

The  method  of  riut '  and  Stiixbbko * oooaatB  in  first  dHntiu 
the  oentralized  milk  with  some  water  and  then  tieatiag  with  alcobM 
antil  the  mixture  contains  70-85  Toia.  per  eent  aloohoL  The  H«- 
cipitate  is  onllected  on  a  fitter,  waabed  with  warm  70^  aleohal, 
extracted  with  ether,  dried,  weighed,  bomtt  eod  the  readoB 
reweifhed.     The  tiEaeee  of  proteid  which  lemain  in  the  flltate  aad 

•  PfegM'a  AKh.,  Bd.  »  sad  Ml 

■  B«a.  aoc  chbn.  (S«r.  SJl  Tone  «. 
*Cbmn  Zv.Bd   IS.  8   I6M. 

•  iMmiminUwth.  V<tn*dhHtat..  Bd.  16. 

•  JeuMl  L  pnkL  ChNa..  K.  F^  Bd.  IS. 

•  TirdMnr-B  Artk  .  Bd.  1S4. 
^nOfcr*  ArcL.Bd.  IS. 

•  Xof^  MBd.  Aiki«..  Bd.  «:  alM  iUljr'*  Jaknehw..  Bd.  7.  a  SflL 
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iraiBh-li(|ii<>r  are  precipitaUjd  by  tujinic  acid.  63^  of  tlie  taunio  acid 
precipitate  is  considered  as  protcid,  and  this  must  be  added  to  tho 
proteid  found  directly.  Tiiis  mothod  pves  exact  and  good  resolts, 
bat  is  more  romplicatnl. 

Accordiag  to  Keb£UBNV  metlioii,  3-5  grms,.  o£  milk  are 
diluted  witU  an  equal  volume  of  water,  a  little  oomiuoD'Snlt^liitinii 
added,  and  precipitiUpd  witii  an  urceKd  uf  tannic  acid.  The  pre- 
cipitate is  washed  with  culd  water,  and  then  the  quantity  of  nitrogen 
determined  by  Kjeluaml's  method.  Tho  total  nitrogen  fonnd 
when  mnltiplled  by  ti-37  (caaein  and  lactAlboniin  contain  hotti  15.7* 
nitrugeo)  givw  the  tutul  quuiitity  of  ulbuuiiuous  bodies.  Ttiiii 
method,  which  is  readily  performed  gives  verj-  good  rGsnlts. 
I.  Mi'KK  used  thia  method  in  tho  analyeis  of  womau's  milk.  In 
this  case  the  quantity  of  nttroj^cn  fonnd  intiNt  be  mtiltiplied  by  G.34. 
According  to  MfSK's  analysM  nearly  ^  of  the  total  nitrogen  of 
cow's  milk  und  ,',  of  woman's  milk  ia  derived  from  the  eitractiTes. 

To  determine  the  casein  and  albumins  Bepftmtely  we  nmy  make 
nae  of  the  method  tirst  Bug;;estod  by  lioprK-SKYLKR  and  Toi-m.^t- 
8CIIEKP,*  in  wbicli  the  uaeein  m  preuipilated  by  magnesium  sulphate. 
Aoconling  to  SKiiKLiKN,*lhe  milk  ia  diluted  with  \tA  own  volnmo  of 
«  satorated  magncainm-siilpliate  solution,  then  satiirateil  with  the 
•alt  in  subittance,  the  precipitate  filtered  and  washed  with  a 
■aturated  magnesium-aulphute  solution.  The  nitrogen  is  deter- 
mined in  tho  precipitate  hy  Kjklii.vui.'k  method,  and  the  quantity 
of  caaein  determined  by  multiplyini;  the  reanlt  by  t>.d7.  The 
qnaatity  of  lactalbumin  may  be  calculated  as  the  difference  between 
ttie  casein  and  the  total  proteids  found.  The  lactalbuniin  may  also 
be  precipitated  by  tannic  acid  from  the  liltrate  conluiniug  MgSO^ 
from  the  casein  precipitate,  diluted  with  wutor,  utid  t!ie  nitrogen 
deterniiuod  by  Kjeluaiil's  method  and  the  reeuU  multiplied  by 
6.37. 

The  qnsjitity  of  ghbutiiis  in  milk  cannot  be  exactly  determined. 
A  minimnm  result  can  bo  obtained  by  flrat  precipitating  the  caitt^in 
completely  by  NaCl  in  Htibstance,  and  then  precipitating  the  globn- 
;Jin8  in  tlie  filtrate  by  mn^nesium  eulpbate  (Sp.nKr,iK>r).  Tbo  ctucin 
may  also  be  precipitated  from  the  dlLnteil  milk  hy  auetiu  ucid  and 
the  globulin  precipitated  after  neiitraUzation  by  means  of  Mgt^O,. 
In  tbeee  cases  we  obtain  somewhiit  high  rcKulu,  becanse  of  the 
prewDce  of  traces  of  ca#ein  which  remain  behind. 

Tho  fat  is  gravi metrically  determined  hy  thoroughly  extracting 
the  dried  milk  with  etUor,  ovuporuting  the  ether  from  the  extract, 
■nd  weighing  the  residue.  The  fat  tnay  be  dotermined  by  uoromotric 
IDiodDS  by  adding  alkali  to  the  milk,  shaking  with  ether,  and  deter- 
mining  the  specific  gravity  of  thofatBolntion  by  means  of  Soxhlet'b 
apparatus.     In  determining  the  amount  of  ftit  in  a  lar|^  aamber  of 

■  Zviwchr.  i.  phj-siol.  CItcm..  B<1.  18. 

*  Ooppo-Sc^lor,  Miid.  cbflm.  Unurguch.,  H«tt  3. 
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samples  the  Inctocrit  of  De  Laval  ma.y  be  naed  with  success.  Tiia] 
milk  in  first  mixed  with  an  efjusi  Tolome  of  a  mixture  of  gUcillJ 
acetic  acid  atid  couoentrated  snlpburic  acid,  irarmed  7-H  niiimtasn 
tlm  water-lintli,  thfi  mixture  ])litcuil  in  ^rwiuiitud  tiitHu,  iind  these  to 
the  ooiitrifofjal  imichino  at  -{-  5U"  C  The  height  of  the  layer  of 
fat  gives  its  qoantity.  The  uumeroua  axid  very  exact  atulyiea  oi 
XlLSOK  '  have  »howti  thnt  with  milks  containing  ^inall  ^nantttiec 
of  fat,  below  1.5>(,  the  oldiar  correctioos  are  unuecutiearv.  and  ibt 
this  method  gives  excellent  results  if  we  use  lactic  acid  treated  wiib 
5^  hydrochloric  acid  instead  of  the  above  mixture  of  glaoiiU  acetic 
acid  and  sulphuric  acid. 

In  determinitig  the  milk-sugar  first  the  proteids  ore  remoToL 
For  this  pnrposo  wo  precipitate  cither  with  alcohol,  which  mnat  be 
eyaporated  from  the  filtrate,  or  bj  diluting  with  water,  and  remOT- 
ing  the  cut;»iti  by  thu  addition  of  a  little  acid,  and  the  lactaltmmiu  bj 
coagulation  at  boiling  heat.  The  sugar  i»  determined  by  titration 
with  FKUUNo'sor  Knapi-'s  aolntion  (see  Chap.  XV).  The  prin- 
ciple of  titration  is  the  same  as  for  the  titration  of  sugar  in  urine: 
10  c.  c.  of  Pbhuno'9  aolntion  correaponds  to  0.0676  grm.  miil- 
siigar;  10  c.  c.  of  Kxapp's  aolntion  corres ponds  to  O.O3U-O.O310 
grm.  milk-Bugar,  when  tlie  saccharine  liquid  contaius  about  i-U 
sugar.  In  regard  to  ttie  JMdua  operandi  of  the  titration  we  Biofl 
refer  the  reader  to  more  complete  works  and  to  Chapter  XV. 

In>itead  of  the  Tolumctnc  detenninatioQB  the  following  etcp* 
may  be  taken:  A  meaeured  (inuutity  of  the  milk-sugar  solution  ii 
treated  with  an  exresa  of  FuHLlNo'is  solution,  boiled,  the  copper 
euboxidu  liltered  and  rodncod  iu  a  current  of  hydrogen,  and  ibo 
m«talli«  »H)iipor  weighed.  Soxiii.KT*  has  given  a  table  which  sini- 
plified  the  calculations  in  such  cascK. 

The  sugar  may  aUo  bi^  detorminod  by  the  polariacope,  and  wibb 
eaae,  beeanso  the  filtrate*!  coiitaininit  rnilk-^tugar  are  generally  ooJor- 
Ims.     TJie  deteriuiiiatiou  is  quickly  iwrfurrued,  but  does  not  gi^* 
exact  results.  ^M 

-  — lO 

ruriable.     The  average  obtained  by  Koxn*'  is  an  follows  in  10  — 
parts: 


The  qnantitatit'e  eo*iipositiOfi  of  cow's  milk  is  nalnrally  rtt 


871.7 


Solids. 


t^seio. 


.tlbamin. 


M.ft 


^- 


sa.ti 


The  quantity  of  miurral  bodies  iu  1000  parla  of  cow's  milk  U 
according  to  the  atmlysos  of  Soi.dnrr,'  as  follows:  K.,0  \.Tl,  ii\ 

>  MiUy'!«  Jahr«st>er..  Bd.  31.  8.  US. 

*  JunniKl  r.  |>mkt.  Cdem..  IHdO. 

1  ntertii«  tier  moDMliicbeii  NlliruRgic  uwl  Oaoiunuiltel,  8.  Aufi. 
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fl.SUCaO  1.08,  MgO  0.30,  P.O.  1-83  (after  correctinn  for  the 
pdetidoniicleiii),  CI  0.98  grmR.  Bunhb  '  foiinii  l).(M)3.'i  grm.  Ke,0,. 
According  toHuLDNKK,  the  K,  Na,  and  CI  are  (oiiud  in  the  same 
(]imntities  in  whole  milk  iu4  in  iiiilk-Miruni.  Of  the  total  phospliono 
acid  30~.^4j;<  U  not  ^in])ly  dianolved  aiid  ultio  53-72;^  of  the  lime. 
A  iiiu*t  of  thiii  lime  i^  eombirimt  with  the  cusoin;  t)ie  reiiiuinder  is 
fontid  united  with  the  plioHphoric  ucid  as  u  niixturo  of  di-  and  tri- 
talcinm  potisphate,  which  ia  kept  diasoWod  or  snapendeil  by  the 
eaeoia.  The  bases  are  in  exeegs  of  the  mineral  aoidH  in  the  milk- 
Beram.  The  cxciosB  of  the  Srst  is  combined  with  orgunic  aiudR, 
vhich  corrcajiond  to  2..'i  p.  ni.  citric  acid  (Solonkh  '). 

The  goKes  of  the  niilk  coiiaist  chiefly  of  CO.,  hcaidcaa  little  N 
and  traC4S«of  0.  PflChkh'  found  10  toU.  per  tient  CO,  and  0.6 
Tol.  per  ocnt  X,  calculated  at  0°  C.  and  TiiO  mm.  proaBnre. 

The  voriaLiou  In  the  oompoeitiou  of  cow's  milk  dopeml^  on 
■eveml  circnnistftnces. 

The  oolofttrtun,  or  the  milk  which  is  secreted  before  oaUing  and 
in  the  firat  few  days  after,  is  yellowiah,  Bometimer!  alkaline,  bnl 
often'aeiil,  of  higher  specific  gravity,  t.04G-1.0MU,  and  riclicr  in 
Bolid^  than  ordinary  milk.  The  ooloatruni  contains,  besides  fat- 
globuIeR,  an  abundance  of  coloatrum-corpusclefr — nucleated  granular 
celU  0.0tJii-<}.i»3.'»  mm.  in  diameter  witli  abundant  fiit-grannles  and 
fat-globules.  The  fat  of  colostrum  has  a  somewhat  higher  melting- 
jioint  and  h  poorer  in  Tolatile  fiitty  acids  than  the  fat  from  ordinary 
milk  (NiLsoN  ')■  The  quantity  of  chol&sterin  and  lecithin  is 
generally  greater.  The  most  apparent  difference  between  it  and 
onlinary  milk  is  that  colostrnm  coagalates  on  heating  to  boiling 
because  of  tlie  absolute  and  rciatively  greater  qnantitics  of  glohnlin 
and  albumin  it  contains.  The  quantity  of  the  first  of  these  two 
albuminous  bodie«  may  indeed  amount  to  several  jier  cent  (Sebr- 
IJEX').  The  composition  of  colostrnm  is  very  variable,  KoNia  ' 
give*  as  average  the  following  figorca  in  1000  parts: 


Water. 

746.7 


3S3.3 


Coseio. 
40.4 


Albumin  «ud  Qlubulm. 
136.0 


Fit. 

s&.g 


36  7 


Sails. 
13.8 


The  ooDstitotion  of  milk  is  changed  during  lactation,  and  it 

<  Zeitscbr.  r.  IliQlogie,  IM.  10. 
•].  c. 

*  PflUgcr'B  Arch..  BJ.  3. 

*  .Mnlv-n  Jahraiber. .  Bd.  17.  S.  toa 

•  //«(/,,  IM.  !H.  S    lOS, 

•  L.  .-. 
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becoiiiofl  richer  in  cofiein  but  jworer  in  fat  Jirui  milk-gugsr.  Tk,i 
tivviiiiig  milk  is  richer  in  fur,  thim  tlic  inoruiiigDiilk  (Alcx.  MCllie 
ttiid  EiKKNftTU<:K ;  Nii^oN  iiiid  others ').  The  hreed  of  ilie  aiiicail 
a]90  hiiri  Ik  greiil  intliionee  on  tho  niJlk.  ^M 

The  itifliienre  food  oxeroiscd  upon  the  comjKiaition  of  mtlk  wiB™ 
be  (liiinuKAed  in  Ronnoctiou  with  the  cheiiiidcry  of  the  milk  decretion. 

In  tlie  folliiwin^  we  /•ivp  tho  nvorage  compoailioii  of  kJciuuuBd  will  u>I 
cefwtii  mlier  pre I'arnt long  nf  milk:  ^j 

ViaXvr.  fr.tlKlds.         Fat.  Sweu.    LuUcAcU.   Mu.    ^1 

Kkimmcdmilk.  9U6.S  SI.l  7.4  4?.S  Ti     ■ 

<:n--»,» 655 1  36.1        967,5  8B  8  ....         «.l       ^ 

Buiioriuilk....  fi03.;  -lU.D  9.8  !t7.3  3.4  6.7 

WlM-y 9K■J.^  8.5  2.8  4T.0  3.S  AlS 

KTtMV^n  anii  REriTin  nrp  obuinod,  bs  nhiivB  lflftt^d,  \*y  iW-  tlcobolii*  aJ  | 
iBViic-acid  fLTiui-ululiuti  ut  t)iv  iiiilk-su^nir,  lliu  liret  fr<ui  mart's  nitlk  uiilibr 
liiAl  (him  cntv':^  milk.  I.iit^  i|iiitnttt.icn  tif  CJirlinn  ilinxiilfi  art'  foriiml  then!';. 
and  )il«i  till-  iillxiniiijuun  Imiltti,.-!  tti  tlic  niilk  un*  )>Mrttjr  n>nri>rtnl  into  lilbuiws 
and  ^-iJioiiiw,  wbk-b  increuxvn  ilie  tliK-'^tlbllitj',  'rii«  qiiiuititr  oriwiieuU 
In  ilit»u>  iircpiii'stiunB  mar  be  slKrut  IO-30  p.  lu.  The  quuitliy  uf  «)oaliol  tub 
from  10  I:i3^  |.    1.1 

■ilk  from  otfa«r  Anioia.1*.  UOAT'«  milk  bas  «  nroro  ^vllowiKh  oohr  mil 
KOtiiti^T,  luwru  -it^iv'Tiv,  o'tor  tliuu  vow'h  milk.  Tba  cviguUtion  obttin^i^ b.i 
acii)  or  rnnRirt  ix  tiifiru  nolid  urn)  ix  lta.nli'r  tliun  tliut  fmm  e^^w  «  milk.  SsKirt 
milk  IK  .Hiuiitiir  In  giiiit'>i  tiiiLk.  but  Uas  u  lii^her  .i|iecili<!  grkvitjr  uinj  cnaiaiMt, 
([reaior  ftiununt  uf  Mihilx. 

Mark's  milk  is  tilhaliuv  ildiI  contaios  a  caaDio  wbtcli  is  not  prmriplutKl  I 
acida  lu  liiiiips  or  Anlid  iiinaKr^.  bnt,  llku  tbo  coMiii  (m»\  wuiuan'it  tuiik.  in  f 
flakes.     Tills  uuri'iti  i^  I'liI;  inomplcti'ly  precipitaivd  \<y  reDoct.  am)  ti  h  < 
similar  almi  iii  otlii  r  re^piiots  I<>lliiTcaAL>tti  ttf  litiiiuLii  milk.    Aft-'irrlin^  In  Hcilt' 
Ibo  ('.iL-ti'iii  from  nthro's  mrnl  (.'itur'-s  inilk  in  tlir  nHirif.  iirLil   die  ilifFi-rt-iiI  b«lMniir| 
of  Chi*  t  wi>  VRiictii*)!  ')f  milk  \n  i)u«  t.i  diflttrxnt  aiiiounlK  of  kbIia  aud  lo  •  illf't^i 
vol  rdulioit  bctuL-tMi  ilii-  i-asviii  and  tbo  albutuiu.     Tliv  milk  uf  ibu  AMiiv'n 
liar  Ui  liumaii  i»ilk 

Tbe  inilkof  tAUMVtiRA,  tliebitcliimd  cat,  are  acid  iu  n?a<-t)gu  undvi^nck 
in  solids.     Tlw  coiupo-iiiim  <if  ilio  milk  of  tbvw  aotmala  varies  very  niack  "^       | 
tb<i  roinpoiitiou  of  tlio  food.  ._^^ri 

T'l  i]laf4rat«  ttin  cnmp»3ltinn  of  tb«  milk  of  otb«r  aaimals  thv  fnllMll^H 
tiguriBt,  llifl  rniapiliitiitii  i>f  KuMo,  will  b'  Kiten.  As  tlin  milk  nf  «acb  vantQ^H 
ol  auiiuaU  may  bavn  u  variulilt:  com |ii<t>] lion,  tbene  ii>:un-is  may  oaiylieaA^H 
lllde^>d  aa  ttiauijil^A  at  tlie  c-mik|kii»ition  ol  milk  of  ililTerAiit  kibda.  ^^ 

Milk  ot  ibB  Wai«r.  SoUJ*.  ITot^ida.  Fat.  Biucar.  fiatta 

Doff  7M4  «:►.«  9'J.l  05.7  JfS  7.» 

Oat. 8ltt»  1M)7  9<).)j  8S.3  4U.1  58 

0»t Hittfl  1309  »li»  4U.«  44.5  8.8 

Bh«ri> (^O.O  IflOO  &74  01.4  SU «  e.S 

Cow H7I.7  !^H.it  •i&^  8«ft  4«8  7.1 

EofBA Sl»06  »U4  IHS  109  BG  A  81 

An  900.0  IWt.O  -il.O  13.0  0;).O  3.0 

Pig      ^-^.1  1673  60.9  044  404  106 

Kl(-pU«nt..  67M.5  321.;^  30,9  19J.7  9lj.4  fi.5 

]joi[.Uiii'..  4IW.7         r,ia.3         4a7.B         

>  Se«  KOni^,  I.  c,  Bd.  1,  B,  818,  and  Kilson.  1.  c. 
■  Sludirn    alter  dir  KlwrfiiMMoJT«  dcfl  Rumya  und  Kefir.    St.  Petetab 
WM.     (Kick.-r.) 

»  Fnmklaod.  Cbain.  New-.  1890.  vol.  81. 
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HamaQ  Milk. 

Woman^s  tnilk  Ja  amplioteric  in  reaction.  According  to 
OoniANT'  iU  reatition  is  relatively  stronger  alkaline  tliati  cow's 
milk,  bnt  1)08  nerortlielei»  a  lower  absolute  reaction  for  alkalinity  as 
well  08  acidity.  Coikant  found  belweon  tbe  tentli  day  and  fonr- 
teontb  month  after  confinoment  rather  constant  resnlta.  The  alka- 
linity »8  well  as  the  acidity  were  a  little  lower  than  in  childbed. 
100  0.  0.  of  the  milk  had  the  same  average  alkalinity  aa  10.8  o.  c 

—  caufltic  noda  and  tbo  same  acidity  as  3.6  o.  o.   -  ■   acid.     The 

relatiouahip  between  tbe  alkalinity  aud  acidity  waa  for  woman's 
milk  as  3  :  1,  and  in  cow's  milk  as  'i.i  :  I. 

Human  milk  also  ooutainfi  fewer  fat-globnles  tUsa  cow's  milk, 
but  they  are  larger  in  size.  The  specitiu  f^nviiy  of  woman's  milk 
variee  between  lO'-iU  and  ]0.tG,  generally  between  1028  and  1034. 
Acconling  to  MoNTt*  the  Rpecillc  gravity  of  tbe  milk  from  healthy, 
robnst  women  is  103O-I0:{5.  The  BpeciQc  gravity  is  higheet  in 
well-fed  and  lowest  in  |)oorly  fed  women. 

The  fat  of  woman's  milk  has  boon  iuveetigatud  by  RfPt'EL.'  It 
forms  a  yellowish,  white  maes,  similar  to  ordinary  butter,  having  a 
speciflc  gravity  of  O.mm  at  -|>  1.^°  0.  It  melts  at  34.0"  and  solidlilea 
at  iO.'i"  C.  The  following  fatty  acids  can  be  obtained  from  tiie 
fat,  namely,  butyric,  ouprnic.  caprio,  myriatic,  palmitic,  stearic, 
and  oleic  acids.  Tbe  fat  from  woman's  milk  is,  according  to 
Kri'PKi.,  relatively  poor  in  volatile  fatty  acids.  Lavkh  *  fonnd  only 
traces  of  butyric  ucid  in  the  fat  from  woman's  milk.  The  melLiug- 
point  of  the  fat  was  :W)-;U''  aud  of  the  (rco  fatty  acids  :i7-:l9°  C. 
The  non-volutilo  fatty  acids  consist  of  one-half  oloic  acid,  wbilo 
among  the  solid  fatty  acids  niyristio  and  palmitic  acids  are  found 
to  a  greater  extent  tlian  stearic  acid. 

The  essential  qnatltative  difTerenoe  between  woman's  and  cow^a 
milk  seems  to  lie  in  the  prolcids  or  in  tbe  more  accurately  deter- 
mined eaa»ift.    A  number  of  older  and  younger  inveetlgators*  claim 

>  Uflber  dit  Ru«ktioD  d«r  Kuli-  uud  Fnu«om)loli,  «tv.  1dbU([,  Dim.  Boob, 
1891 ;  kI.w  PflQfCflr's  Arcb.,  Bd.  SO. 

*  Arch.  f.  Kindorhcilkiind.t.  Bd,  18. 
■ZoiUcti.  r.  Biolofpo.  Bd.  81. 

«  Zvitjwiir.  r  pliyalol.  Cli«m.,  Bd.  19. 

*  Spv    BMi-rt.   UntorKarhiingpn    Qbvr   di«  cbMuiecbcn  t' DterActiiodfl  dac 
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tbut  the  casein  from  woman's  milk  lias  other  properties  than  tlidt 
from  cow'a  iiitlk.  The  esseDtial  difFerences  are  the  following:  Tl 
casein  from  wcmian'B  uiilk  is  jirecipitatod  with  great«r  difliculW 
with  uc^iils  or  siiUs;  it  doee  uol  coagnlale  rogularly  iu  the  milk  aflcr 
tho  atiJitioii  of  reuaet;  it  raay  be  precipituteil  by  gastric  joice,  bill 
diiseoLves  coiuplvtelj'  aud  easily  iu  au  exctiBS  uf  the  same;  the  oawia 
precipitatu  produced  by  au  acid  is  more  easily  soluble  in  an  «xoeM 
of  the  acid;  und  lu^tly,  the  clot  formud  from  the  casein  of  woni.-Q'« 
milk  does  not  appear  iu  such  large  uud  course  masses  as  the  cawin 
froui  cow's  milk,  but  is  iriore  looeo  and  tiocculent.  This  last-aien- 
tiuiied  fact  is  of  great  iiiiportMiiue,  since  it  explains  tlie  genciuHy 
adiiiitLod  caHV  digeetibility  of  the  caeoio  from  woman's  milk.  Th* 
(]uoation  us  to  whether  the  above-meulioned  differences  depeudou 
a  daoidod  dtSererioe  in  the  two  ciuiuitig  or  only  on  an  Ducqul 
nlatJooahip  botweea  the  caeeiu  and  the  salts  in  the  two  varietieiaf 
milk,  or  upon  other  ciroumgbances.  has  been  recently  iuTestigitol- 
According  to  Szontauh  '  the  casein  from  human  milk  tloe«  \v-«. 
yield  any  pseudonuclein  on  pepsin  digestion  and  hence  it  cauuotl'* 
a  uacleoalbuniin.  WnuitLorsKi '  hae  recently  arrived  at  the  s>im 
results  and  aleo  found  tiint  the  two  caseins  had  a  difloroat  composi- 
tion. Ill)  found  tfie  following  for  the  composition  of  cawin  fnut 
woman's  milk:  C  5^.34,  II  7.3«,  N  U.97,  P  0.68,  S  l.U\ 
O  23.i)6^.  Woman'f^  milk  al^  ooiitaiiin  Inetalbnmin  be«ideH  Ui« 
casein  and  a  protein  Hnbmtance  which  iti  eery  rich  iu  sulphar  (4.'0 
and  relatively  poor  iu  carbon  (WuuHi.iiWiSKi).  The  statement*** 
to  the  occarretice  of  albiimoses  uud  peptonee  arc  diepntod  w  ii> 
miiny  other  cases.  No  positive  proof  an  to  the  occurrence  of  iilbii- 
mosee;  and  peptones  m  fresh  milk  has  been  given. 

The  'fttaniifaiipe  annjxtgtitOH  of  woman's  milk  is,  even 
tlioeo  diirerences  are  elimiualed  which  depend  on  the  imperi' 
analytical  methodB  employed^  variable  to  such  an  extent  that  il 
impossible  to  give  any  average  results.     Eliminating  coruin  of  t^ 
older,   incorrect  analyses,   we  here  give  only  eiamplea  from  *>^ 
average  reKulte  of  a  few  modern  inveetigatorB,  taken  from  a  r^^^ 
large  number  of  analyses  (Pfkiffbk).     The  following  Qgnree  ^^"^ 
parts  per  1000: 

Ueas«bini>  und  Ivabmileb.  Siangan,  I8M.  lAnKgmftrd,  Virchow's  Arch.,  \ 
95.  Makri.H.  Stucll«a  Dbut  die  EiwisuutkOqini  d<ir  Pnn«n  and  Kuhinil 
InAug    IKml  StnuHliurg.  ItlTO. 

■  Maly'fl  J>bn>»l>er.,  Ud.  23.  3.  168. 

(maur  KL-uniiiiJii  dc»  FrauvukasPlDtt.     laaa^.-Diii&.     Bern,  I 


COMPOHiTION  OF 


WU#r.  Bolidi.   ProMMi.      ru. 


«76.0     m.o 


tmo 
Baa.9 
«n.9 


109  O' 
127.4 
IU8.0 
100.4 
128.1 


88.10 

17.91) 

19  00 
16.13 
17.34 

25.S0 


8S.10 
&5  OO 

33.00 
48  30 
88,28 

:^9.is 

1U.»0 


uriu. 


0.82 


BugM-.    SkIU. 


80.00 
55.00 
fiS.80 
09.70 
67.94 

S4.40 


3.90 

■4!2(> 
2.80 
l.fiS 
3.09 
3.80 


Toi.MATariiErr* 

(i  KKURR  * 

aO-80yrB.old  (  «__,„_, 
80-10   ■'    '■  jl^"""'^ 


Althongh  tlic  compoeltioti  of  wotnnn^g  milk  is  verr  rnria1>Ie,  and 
notwithataQding  that  U\  a  few  casos  liigher  rcealts  (about  -10  p.  m.) 
Itaro  been  obtained,  by  later  analyses,  for  proteid  bodies,  still  it 
aeeniB  that  woman'B  mitk  in  gonend  c;(jtit;iinfi  \esn  proteids  and  more 
AOgar  than  cow'b  milk.  The  qiiiiritity  of  iiiuein  is  not  only  ahso' 
JDtely  bat  also  rolatirel;  smaller  in  proportion  to  the  quaniity  of 
iilbnniin  in  woman's  than  in  tiow'd  milk.  Accnrditig  to  HriiBitm' 
the  qnantity  of  citric  ai;id  is  nnmller  in  wonian'c  milk  than  in  cx>w'8 
milk. 

A  farther  diflerenoe  tnitweeti  wnnmn*B  and  covr's  milk  \h  tEiat 
the  first  ia  richer  in  lecithin  but  jHiomr  In  minorut  bodies,  oapeciully 
CaO  and  P,0^  (it  contains  only  {  and  ^,  re«]iectivcly,  of  the  corre- 
aponding  quantity  of  these  mineral  IkkIipr  in  oow'b  milk). 

Tn  regard  to  the  quautity  of  mineral  ixidim  in  womaii'H  oiilk  the 
aoalysea  of  BuNng*  are  most  reliable.  He  analyzed  the  milk  of  a 
woman,  fonrteen  doys  after  delivery,  wlioae  diet  contained  fery 
little  common  salt  for  fonr  days  previous  to  the  analysiB  (A),  and 
j^ruin  three  days  later  after  a  daily  addition  of  30  grnia.  NaCl  to 
the  fnnd  (11).  Buvas  found  the  following  Qgarea  in  1000  porta  of 
the  milk: 

A  B 

K,0 0.780  0.708 

NmO oaaa  t>.Vft 

C»0 0  528  0  848 

UtO 0.064  0.085 

ft,0» .  0.004  0006 

P.O. 0.478  0.489 

CI. 0.4aS  0.44B 

'  Malr'B  Jabresbvr.,  Bd.  4.  8.  188. 

*  tlojipe-Si^ler,  Metl.  chcin.  UnterHuch.,  Hefl  3. 
■  UulL  •!«  U  soo.  chim.,  Totne  23. 

*  M«l.^  •»  JalifMber..  Bd.  7.  S.  171, 
*jKUrb.  r.  KinH.Tliiillk<in<li-,  IM.  30;  also  Mftly'ii  Jalirnsbor.,  Bd.  13. 

*  Uetx-r  die  Zusai&tnvti6«txii[ii,'  der  FrBueniullcb.     luaiig.   Ub*.  dar  Unl?. 
.fi«d«lb«r^  1881.  abu  Mal.r'r- Jfthnt^lKT..  Bd.  12. 

*  LuidwirtbscL.  VersuctiMiai. ,  Bd.  89. 
■ZaiMchr.  f.  Blol»^«,  Bd.  10. 
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The  relationship  of  the  two  bodiee,  potassium  and  sodiam,  to 
each  other  muy,  according  to  BuxoE,  vary  considerably  (l.S-4.4 
eqniralenta  potash  to  1  of  soda).  By  the  addition  of  suit  to  the 
food  the  quantity  of  sodium  and  chlorine  in  the  milk  increasei, 
while  the  quantity  of  potassium  decreases.  The  gases  of  woman's 
milk  have  been  investigated  by  KuLZ.'  He  foand  1.07-1.44  c  c. 
oxygen,  3.35-2.87  c.  c.  carbon  dioxide,  and  3.37-3.81  c.  c.  nitrt^n 
in  100  c.  c.  milk. 

The  proper  treatment  of  cow's  milk  by  diluting  with  water  and 
by  certain  additions  in  order  to  render  it  a  projjer  Bubatitnte  for 
woman's  milk  iu  the  nourishment  of  babes  cannot  be  detenniaed 
before  the  difference  in  tlie  albaminous  bodies  of  these  two  kinds  of 
milk  has  been  completely  studied. 

The  coloBtrom  has  a  higher  specific  gravity,  1. 040-1. OfiO,  s 
greater  quantity  of  coagulable  proteids,  and  a  deeper  yellow  color 
than  ordinary  woman's  milk.  Even  a  few  days  after  delivery  the 
colot-  becomes  less  yellow,  the  quantity  of  albumin  less,  and  tbe 
number  of  colostrum-corpuscles  dimlnislies.  Clehh  '  has  analjied 
the  colostrum  at  different  periods  before  and  after  delivery,  and  the 
following  are  his  results  in  parts  per  1000: 


Water  .    . . 

Si)iide 

Conuin . . . . . 
Albumin.. . 

Fat 

M  ilk-su^r 
BftltB 


Four  WeelcH  hef  ore 
Delivery. 


945.2 
54.8 


388 
7.1 

17. ;i 
4.4 


8r)2.0 

148.0 


69.0 

41.3 

89.  r, 
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S(>Tent«en 

I>».v« 

iwforw 

Delivery. 


s;ii.7 

148.3 


74,6 

30,2 

43.7 

4.5 


iM-fore 
Delivery. 


838.1 
141,5 


80.7 

98.5 

86.4 

5.4 


Twetity- 
roiir  Hoim 

after 
Delivery. 


843.0 
157.0 


5.1 


ser.fl 
i;b.i 

31.9 
61 -O 


The  total  quantity  of  proteids  seems  to  decrease  with  the  da 
tiou  of  lactation.     Pfkiffer'  found  the  average  figures  for  t 
total  proteids  for  the  two  first  days,  the  first  week,  the  second  w< 
the  second  month,  and  the  seventh  month  to  be  86.04,  34. 
23.88,  18.43,  and  15.31  p.  m.,  respectively.     Simon*  claims 
the  amount  of  casein  is  smaller  in  the  first  stages  of  lactation 

>  Zeitschr.  f.  Biologie,  Bd.  83. 

*  Cited  from  Hoppe-Sejler's  Physiol.  Cham,,  p.  784. 

4  DU  IfkNunmileh.    Bnlln.  1888. 
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then  inoreases  coiuiderabl^- ;  but  aornrding  to  Ppricfer  juet  the 
rereree  tdkos  place.  Tlio  amount  of  fat  shown  no  regular  and  con- 
stant variation  daring  laolatioti.  According  to  VcitN'ois  and 
BRCQrBREL '  tlie  fjDantity  of  milk-sagar  decreaaea  in  the  first 
nionllis,  liitt  increasoa  in  tlio  eighth  to  the  tenth  month.  Accord- 
ing to  PFErFFRii  the  quantity  of  sngor  increofes  regiil&rly  from  the 
dcliTery  to  the  thin!  to  fonrth  month,  and  then  it  is  somewhat 
variable. 

TUo  Iwo  ninminarv  ^IrikIh  of  the  »an)i'  wmukn  imhv  yj«lila>>iii«<>)inl  di(T«r(int 
milk,  »a  slmwn  by  SiU'ltH^T' and  later  by  l)ltt:XM:K.'  Al«o  tlis  <lilli<lvni  poT- 
lionn  'if  milk  fniui  tliv  9(uiu«  milking  m^y  \ia,vv  ilitTorant  cum)<<witiiin>'.  Tlie 
lirM  I'dMionAare  ftlvrayn  pcwin-r  in  M. 

Acctinllnir  loLllKitiTiKR.*  Vrrnoin  ftnd  BscvcBasi.  the  milk  of  Moitdti 
contains  Ima  rvioin  than  cliRt  of  braiibiiM.,  a  difference  wlilcli  Ti>i.UAi»i'nKi'|r^ 
could  uAt  nubHtuiitijitv.  Women  of  w)>Ak  coii-ttitnlions  yield  a  uiilk  Tirliir  in 
solid*,  «"><j'«'i:Jallj"  in  cn-win.  iliaii  ivomon  witli  iilToni;  constitulloriH  {V.  aod  B,), 

AccDrtlini;  tu  Vi^um^lh  and  Bloji'ukki.,  lliu  ago  of  the  woman  lias  an  cffrct 
on  Ibo  eoii]|>Deiti'>n  of  tli'*  milk,  tui  tbul  we  linl  a  grrnt«r  qimntit;  of  pn<tcid» 
and  fnl  in  wntnnn  1o>-30  jran  old  and  a  Miiallnt  qiiaDtUv  of  Bugar.  T1i«  xniall. 
eel  (|UNi)iit.v  of  pruioids  au<]  ilii;  fcrratvKt  quantiiy  of  lu^r  an  fouud  at  20  or 
from  *J5-S0  yi-nni  uf  ngo.  .^cruniliig  to  V,  ami  B.,  tho  milk  with  tbc  lirot  bnm 
is  rii-ht-r  In  wbIit— witb  a  proiiiirtioiiat*  dlniinuttnn  of  tbe  quaiitltj  of  msein. 
aui;ar.  mid  fni — tljan  after  s«>veral  dcdivflries. 

Till.'  iiiQucoce  of  iii«<ustc-ijation  sovoia  lo  aUfbtly  diminisli  the  mitk-eugar 
and  lo  CHiisirfrraUly  iiK-rfano  the  fnt.  and  CAMfn  (v.  and  B.J. 

Witah'f  Milk  In  ilia  •ocn-tinii  of  tfao  iiiamiiuirT'  glanda  of  nnw-bora  cliildreu 
af  botb  M-xof  iiiiiupdiat«iy  aflvr  birtb.  TliU  teoretluQ  btw  from  a  cinalitallve 
atAndpnint  lUf  aamn  oDn.tiitnilnn  nx  milk,  bat  inaj  stiow  Important  difl^rfnrM 
an>i  vHrtuti'>iia  from  ■  quanlltativo  poiut  of  vittw.  HctlLtMAitiiiKfHU  aiid 
Uaukp.*  <rtiBt.cR  and  Qukvkkm:,''  and  v.  (Jkubch*  liave  himIv  analyses  of 
this  milk  and  givn  tb<t  following nsulta:  10.S-iS  p.  m.  protaidfl.  B  9-14.6  p.  m. 
fai,  and  U-OO  p.  m.  nui^ar 

As  milk  is  the  only  form  of  nonrishment  during  a  certiiin  period 
of  the  life  of  man  and  mammals,  it  mast  contain  all  the  nutritions 
bodies  neceuarj  for  life.  This  fact  \n  shown  by  the  milk-contflin- 
ing  rejireeentatiTes  of  the  three  chief  gronjw  of  organic  mitrilive 
luhstancoa,  proteids,  oarbohydrutcB,  and  fat;  and  alt  milk  seems  to 
contain  also  some  lecithin.  The  mineral  bodies  in  milk  mast  also 
ocoar  in  proper  proportion,  and  on  this  point  the  observations  of 

'  Compt.  noA.,  Tome  39.  ati<l  Vvrnois  «l  Bwqaeiol,  Da  Uit  eli«>  la  («nua« 
dans  V&M  de  »uit6,  etc.     Pari",  1S58. 
*Campt,  rend..  Tome  71. 

•  PflOgei'a  Arch.,  Bd.  7. 

•  Traits  do  ebim.  patbol.  Paris,  1842.  Cited  from  Eloppc-S^yler's  PbyAioU 
Chem..  p.  7a8. 

'  Huppe-Serler.  Med.  chem.  Unlrninch.,  B.  27%. 

•  Annol.  do  Cbem.  a.  I'Uann,.  ii"i   M. 
<  liaa.  m«d.  do  Paris,  18M   |>.  I  ^ 

•  Jaltrb.  f.  Klnderlieilkand*.  K.  F..  Bd.  »,  S.  60. 
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BuKOE  oo  dogs  are  of  special  interest,  lie  fonnd  that  the  miaenl 
bodies  of  the  milk  occur  iu  about  tbe  same  relative  proportional 
Uwj  do  ill  tile  body  of  tbe  suckiug  atiimiU.  Hvnge'  foaod  ia 
1000  parta  of  the  aali  the  following  resnlta  (A  repri^eata  resallt 
from  tbe  iiew-boru  dog  and  It  tbe  milk  from  the  bitch): 


K,0 1143  H».8 

Na,0 100,4  88.0 

CaO 285.8  878,4 

MgO  18.S  15.4 

F«,0, 7J  1.8 

P,0, 804.8  348.8 

CI ett.6  1690 

BuNOE  ex]>lains  the  faot  that  tbe  niilk-asb  U  richer  tn  polish 
and  poorer  iu  soda  thau  the  uen'-born  uninial  by  sajtog  that  id  th* 
growing  luiiuial  the  ash  of  tbe  muBcles  rich  in  potash  relativel; 
iucreusee  and  the  cartilage  rich  in  soda  relatively  decreases.  Brxm 
aeekH  to  explain  the  higli  amount  of  chlorine  in  tbe  lutlk-aab  alw 
teleobgically  by  the  Btatenieut  that  the  chlorides  not  only  ser^elo 
buiht  up  the  tttwiett,  but  are  indispeniHible  in  the  seeretioiuof  il'C 
kidueyft.  In  regard  to  the  ainoant  of  iron  we  find  uu  uuexpectal 
condition,  the  aob  of  tbe  new-born  aiiinial  containiug  uxtime§M 
much  as  the  milk>ash.  TbiH  oonditioii  UuMie  explains  by  tbe  fuel 
founded  on  his  and  Zam^skyV  experimenls,  that  tbe  cjaantitTii 
iron  in  tbe  total  organism  is  highest  at  birth.  Tbe  new-boni 
animal  baii  therefore  a  supply  of  irou  fur  tbe  gmwth  of  its  org»ni' 
even  at  its  birth. 

Tbe  injliience  of  Ike  food  on   tbe  composittou  of  the  niilk  uof 
interest  frum  uuiuy  |iuiiiL4£of  viuw  and  baa  been  the  subject  of  muoj 
investigations.     From  these  investigations  we  learn  that  iu  hnnua 
beings  as   well   ha  in   aninuiU  an  insutbcient  diet  docreaMS  ^^ 
quantity  of  milk   and  the  ijuautity  of  tiolids  iu  the  snme,  wbil* 
iihundaiit  fooil  inoruaiieti  bolii.    Kruin  the  obitorvatiousof  I>ECAUiI^>lfl 
oil  nursing  wonioii  duriuj;  tlm  siege  of  Paris  in  1871,  the  ij'iuni-iil 
of  caaeiil,  fat,  nugnr,  and  salts,  but  ospeciully  the  fat.  was  found  ^ 
decrease  with  infiufllcient  food,  while  tbe  quantity  of  lactalbu^'^ 
was  found   to   bo  somewhat   increaeod.      Food    ricb   in   prot<*" 
increases  tbe  quantity  of  milk,  and  also  the  solids  containod,  f^^ 
cially  the  fat.     Tbo  quantity  of  sugar  in  woman's  milk  is  fouui 
certain   investigators  to  bo  increased  after  food  rich  in  prot^ 


Vr» 


ZeilMtir.  (.  phyaiol.  Chen.,  ltd.  13. 
Uu.  mcd.  de  Pftrttt.  1871.  e  i 


citeilfroin  tloppe-SAjlet,  I.  e.,  B.' 


rft/emsTrty  of  thk  mh.k  RBCRBrroN. 
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vhile  otliers  claim  it  \»  diminiclied.  Food  rich  in  fut  ma;  (ta 
Bbe«p)  cause  an  incrense  in  the  qnuutily  of  fat  id  the  milk.  An 
iiicrutuic  in  tbo  qauutily  of  fat  in  cow'b  niilk  betnaee  of  au  addition 
of  fat  to  the  fodder  has  onlv  been  ohsorred  after  a  prcvions  iusnfll- 
cieiifc  diet,  but  not  after  a  suRicient  aivl  rich  diet.  After  feeding 
with  palm-oil  cako  a  one-sided  increoee  in  the  fat  of  cow's  milk  woe 
observed.  The  presence  of  Large  quantitiee  of  carbohydratea  iit  the 
food  seems  to  canse  no  eoustunt,  direct  action  on  the  quantity  of 
the  milk-coostituenta. '  In  csmivoni.  tis  shown  by  Sslkoti.n,'  the 
accretion  of  milk-sugar  procoeda  uninterruptedly  on  a  diet  consietiiig 
exchiaiTcIy  of  leiiii  meat.  Watery  fuod  giveei  a  milk  coutaining  lui 
exceis  of  water  of  little  ralue.  In  the  milk  fram  cows  winch  were 
fed  on  distillers'  graihR  Couhaillr^  found  'J06.fi  p.  m.  water,  26.4 
p.  m.  casein,  4.1)  p.  in.  lilhiiiiiin,  18.2  p.  m.  fat,  ainl  :i:f.K  ji.  m. 
aagar.     Such  milk  ban  »  pemiliar  sour,  sharp  after-taste. 

Cheminirtf  of  the  Miik-iieertlioii.  That  the  actually  diteolved 
oonstitHemi^  oci-urring  in  milk  pass  into  the  secretion,  not  idone  by 
:tiltnitinii  or  difTiiHtorL,  but  more  likely  are  secreted  by  a  speciQo 
decretory  activity  of  the  glandular  elements,  is  shown  by  the  fact 
that  milk-sugar,  which  is  not  found  in  the  blood,  is  to  sll  ap[hear- 
iftnces  formed  in  the  glandit  thenifielve^.  A  fnrther  proof  lies  in  the 
bet  that  the  lactalhumin  ia  not  identical  with  seralbumin;  and 
llistlj,  as  Hunoe'  has  shown,  tlm  inineral  bodies  secreted  by  tlie 
ilnilk  are  in  quite  different  proportions  from  tliose  in  the  blood- 
iteram. 

Little  is  known  in  regard  to  the  formation  and  secretion  of  the 
Bpecific  conscituonu  of  milk.  The  older  theory,  that  tlie  cnucin  was 
iproduceil  from  the  lactalbitmin  by  the  action  of  an  enzyme,  is 
Incorrect  and  originated  probably  from  mistaking  an  alkali-alhumi- 
ante  for  cawin.  Uettcr  founded  is  the  statement  that  the  casein 
^riginflt«B  from  the  protoplasm  of  the  gland-cells,  which  saem  to 

I  )  In  r«KBrd  to  tlie  Ui«ralure  on  tlie  action  uf  vnrloua  foodsnnwnman'Hinlllc, 
■c«  KAl<'"lt7.  "I>bcr<lii>  Binwirlcun^  ilftr  Nnlirun^  Auf  ille  ZtiKninincii^rr«uni; 
pntl  Nnlirlisftiftkeildfr  Kmucntuilcii."  Itcrlin.  klio.  WochouncLr..  1888.  uhirh 
Uko  ronla-ibX  tlin  litf^ratun'  "n  tlii-  iuiptirtiLnrre  <i(  tlie  fniiil  on  Ibn  oompmiticin  of 
btber  TartMiesoT  milk.  In  T«)c«r(l  t"  tlie  cst'*nBlve  Ul«'r«tun>  on  ilie  intliieuMi 
llf  Tsriiiuti  fomU  ob  (lie  milk  prwluvtion  nt  «iiiiiiulM,  wv  KOuig.  Cbvm.  il. 
Dflascbl.  N«brung».  und  UuDuaaiuUtel.  'i.  Anfl..  Bd.  1.  S.  308. 

*(>ntr&ll>l.  f.  il.  autd.  WI»ir-nM-.)i  ,  1866.  H.  SVi.  , 

»  riteil  from  KOnig.  Bd.  S.  S.  235 

*  Lehrbucli  d.  plijmiol.  und  [mtlioL  Cltfm.,  1.  Aull. ,  S.  VH. 
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OOtuiSt  of  caeeiQ  or  a  8u))«taDC«  related  to  it.  The  prerioiisly . 
tioiied  (ptig«  4*^0)  unclooproteid  of  the  gland-celU  app«an  to  ben-^ 
luted  to  CASeii),  and  it  may  poBsibljfonnit«moth«r-subBtanoe.  Tbti* 
doeo  uot  seem  lo  be  any  doubt  that  the  protopta&tu  of  the  cells  tokn 
part  iu  the  necrutioii  iu  such  u  muutier  tlmt  it  becomeii  itself  a  OOQ- 
stitubiit  of  tiio  isc'crutiou.  Accordiuj;  to  Ueiue.nhaik,'  the  alreola 
contaiu  a  simple  layer  of  cells,  wbich.  In  the  inactire  glund,  are  fist. 
2>olyhedrous,  aud  with  single  uucletie,  while  in  the  active  glaiid  lliuT 
often  have  ^tverul  nuclei,  are  ric])  iu  proteid,  and  utb  high  ui4 
cylindrical  In  form.  Iu  the  inner  part  of  the  cell  turued  towudi 
the  cavity  of  the  acinus,  biiigle  Eat-grannles  are  formed  during  tke 
aecretioii  which  are  broken  off  with  the  edge  of  the  l*g11s.  TIm 
brokcu-olT  or  destroyed  oell-substance  iu  the  secretion  dissolvoe  in 
the  luiLk,  iiUiiig  tho  Uinion  of  the  aciniiB,  while  the  colls  take  up 
uutritiuu  by  their  outer  yarU,  and  grow,  aud  replace  tho  iiuir 
parte  need  in  the  secretion.  This  reminds  ns  of  the  action  of  Ibe 
jrtinereae -cells  in  the  eccretitiii  of  the  pancreatic  jnice.  The  col* 
truni-corpiiecles  are  not,  according  to  Ilt:ii>KNHAiN,  dogcneratfli 
fat-cells,  but  are  contractile  olenients  originating  from  the  epitie- 
lituu,  which  take  up  finely  divided  fat  aud  thereby  obtain  tbeir 
quantity  of  fat-globuloB. 

That  the  railk-fat  is  produced  by  a  formatdou  of  fat  in  the 
protoplasm,  and  thiit  the  fat-globulea  are  set  free  by  their  dsatnc- 
tion»  Ik  a  goiicrully  admitted  opinion  which,  however,  docw  tot 
oxaludc  the  poaBibLlity  tliat  the  fat  is  iu  part  taken  np  by  thegUuib 
from  the  blood  and  eliniiiiiited  with  its  secretion.  A  formation  of 
fat  from  earbohyd rates  in  the  animal  organism  is  at  the  present  i*1 
considered  as  poeitively  proved,  and  it  is  also  possible  that  the  null'' 
glands  also  produce  fats  from  the  carbohydrates  brought  to  Uiew 
by  tho  blood.  U  i»  a  well-known  fact  that  an  animal  gives  off  So^ 
a  long  time,  daily,  considerably  more  fat  in  the  milk  than 
receives  as  food,  aud  this  proves  that  ut  least  a  part  of  the 
Beereted  by  the  milk  is  produced  from  pruteids  or  car^mhydnitea, 
perhaps  from  both.  The  question  as  to  how  far  this  fat  is  prodac 
directly  in  the  milk-glandu,  or  from  other  organs  and  tisHnes, 
brought  to  tho  gland  by  means  of  the  blood,  cannot  be  decided. 

The  origin  of  the  milk-«ignr  is  not  known.     MCnt*'  ca 
attention  to  the  fact  that  a  number  of  very  widely  diffused  bod 

■  UeniiitDn'B  Uaudbucli  d.  Phyiiol..  Bd.  5.  Tbl.  1.  a  H». 

■  Caia|>l.  rend.,  Tutnu  10S. 
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in  the  vegetable  kingdom — vegetable  mucilage,  gnms,  pectin  bodies 
— jrield  galactose  as  products  of  decompoBitioti,  aud  he  believes, 
^erefore,  that  the  milk-sugar  may  be  formed  iu  lierbivorn  by  a 
jjnthflBis  from  dextrose  and  galaotoseu  This  origin  of  milk-sugar 
ioee  not  answer  for  caniivora,  as  they  prodnce  mJlk-sngar  when  fed 
on  food  conaisting  entirely  of  letin  meat.  The  obsorvatious  of  Bi:uT 
ind  TtutBpBLOKH '  that  a  m other-subs taocc  of  the  mllk-sngiir,  u 
taccharotjen,  occars  in  the  glands  cannot,  a^  the  nature  of  this 
iDOther-substuiice  is  still  unknown,  give  further  explanation  us  to 
Hie  formation  of  milk-sugar.  The  question  whether  the  above- 
mentioned  (page  4*^0)  proteid,  which  yields  a  redncing  substauoe 
when  boiled  with  dilute  acids,  has  iitiything  to  do  with  the  forma- 
fcion  of  milk-sugar  oaimot  be  answered  until  further  thorough  Inves- 
kigations  have  Iwen  mnde  uu  this  snhjeot. 

The  paseage  of  foreign  subslancte  into  the  milk  stands  iu  oloee 
Donnection  with  the  chemical  jiruceivieH  of  the  milk-seoretion. 

It  is  a  well-known  fact  that  milk  atqnirea  a  foreign  tante  from 
he  foo<l  of  the  animui,  which  in  in  ittwlfajtruof  that  foreign  bodies 
an  into  the  milk.  This  fact  becomes  of  special  importance  Iu 
eference  to  such  injurious  Hubhtunru^  m  may  bt>  introduced  into  the 
irgiinisni  of  the  nursing  <'!iihl  by  meitn^t  of  the  milk. 

Among  these  subetantres  may  be  mentioned  opium  anil  mor- 
phine, which  lifter  large  do«e.i  pami  into  tlie  milk  and  a^rt  on  (.he 
ohilrl.  Alcohol  may  kIhd  pass  intn  tlio  milk,  but  not  probably  in 
ch  quantities  as  to  have  any  direct  action  on  the  nursing  child.* 
Icohul  is  claimed  to  have  been  detect<od  in  the  milk  after  feeding 
with  brewer^H  graimt. 

Among  inorganic  hailiiw,  iodine,  arsenic,  bismuth,  antimony, 
unc,  lead,  mercury,  and  iron  have  been  found  hi  milk.  Jn  icterus 
neither  bile-iLcidA  nor  bile-pigments  \v\s»  into  tho  milk. 

■  jjadcr  (tiNnut«d  condilion*  no  coiuitant  chanft^  Lks  b«eD  Tound  m  wmiitin'* 
lo  isolated  c«3e«^-iii.oa8UKii')KK,*  Jul. V    and    FtLiiui.*  litiv«  ohsprvM] 

I  a  nark«dly  abaurmo-l  couiiweitba.  but  no  pusitivi;  vuncinsioa  cau  bo  de- 
tli«refmin. 
Tbe  clian{;««  in  cow's  milk  in  diapiuir;  ItitTn  hnnn  iitlltmliidiixl.     hi  LuIhtcii- 
I  of  the  udd«r  8TOBcn*  fouud  tubvrvul«  bucillj  ia  tLo  uihk,  «iid  tiv  tiliw 

'  \..a, 

*  Klinf{«iDano,  Vircii'iw's  Ar«L.,  Ud.  I'^G, 

■  Aubb).  d.  Cbem.  u.  ?lia.nii.,  Bd.  U6. 

*  Cited  from  v.  nora[)-lkB&.D».  Lahrb.,  4.  And.,  8.  488. 
'  8m  Butg,  Om  TulwrkulflM  I  Knnns  Yv«r  ng  ami  tuherhulOs  MSIk.    Nord. 

Arkiv.,  Bd.  16;  nJso  Mftly's  JaUre^bcr..  Bd.  U.  H.  170. 
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found  tlut  the  milk  became  more  uid  more  diluted  durinj^  the  disease  with  t 
aeroua  liquid  similar  to  blood-serum,  so  tliat  tbe  glands  finallj,  iiibtced  of 
yielding  milk,  anXj  gave  blood-serum  or  a  serous  fluid,  HusaoH '  found  tbe 
milk  from  cows  sick  with  murrain .  contained  more  proteids  but  cousidenbtr 
less  fat  and  (in  difiloult  cases)  teas  angar  than  normal  milk. 

Tbe  milk  may  be  bias  or  red  in  color,  due  to  the  development  of  mien' 
organisms. 

The  formation  of  concrements  in  the  exit-paasages  of  the  cow's  udder  tn 
often  obserred.  They  consist  chiefly  of  calcium  carbonate,  or  of  carbonue  •o' 
phoephate  with  only  a  small  amount  of  organic  substances. 

*  Coffipt.  rand..  Tome  78. 
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TnE  urine  is  tlie  moat  iinportant  excretion  of  tbc  animal  organ- 

[iim;   it  U  the  means  of  eliminating   the  nitrogenous  metabolic 

[prodact«,  aUo  the  wat«r  ami  the  soluhle  mineral  anhstances;  and  in 

FlEuuiy  casex  it  fnmishea  important  data  rehitire  to  the  metaboliem, 

quantitatively  by  ita  variation,  and  qualitatively  by  the  appearance 

of  foreign  bodies  in  the  excretion.     Alfw>  in  many  caaes  we  are  able 

from  the  chemical  or  morpholopi^^al  ronstitncnta  which  the  nrine 

abetractfi  from  the  kidneys,  ureters,  bladder,  and  urethra  to  jndge  of 

the  condition  of  these  or^Lmt;  anil  lanCly,  urinary  analysis  nfTonls 

itn  excellent  means  of  deciding  the  r[ueation  how  certain  medicines 
or  other  foreign  substances  introduced  into  the  organism  are 
tbeorbed  and  chemically  chauged.  Uriniu-y  analysis  haa  furnished 
Tery  im])ortBnt  particulars  especially  relative  to  the  last-meutioued 
question  in  regard  to  the  nature  of  the  chemical  processes  takiug 
place  within  the  organism,  and  it  is  therefore  not  only  an  important 
aid  in  diagnosis  to  the  physician,  bnt  it  is  also  of  the  greatest  im- 

tbortance  to  the  toxicologist  and  the  phvfiinlogical  chemimt. 
In  studying  the  fiecretiouH  and  excretions  the  relationship  must 
ha  Bought  between  the  chemical  structure  of  the  secreting  organ  and 
the  chetoical  composition  of  its  secreted  products.     Investigations 
»itb  respect  to  the  kidneys  and  the  urine  have  led  to  very  few 
mlta  from  this  standpoint.      Although  the  anatomical  relation  of 
kidneys  has  been  carefully  studied,  their  chemical  composition 
not  beftn  the  aubject  of  thorough  analytical  research.     In  cases 
which  a  chemical  investigation  of  the  kiilneys  has  been  under- 
tker,  it  has  only  been  in  general  on  the  organ  as  sach,  and  not  on 
le  different  anatomical  parts.     An  enumeration  of  the  chemical 
inetitaents  of  the  kidneys  known  at  the  present  time  can,  there- 
ire,  ouly  have  a  secondary  value. 
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In  the  kidneys  we  find  albrnniaons  bodies  of  different  kinds. 
According  to  Halliburton  '  the  kidneys  do  not  contaiti  anj 
albumin,  but  only  globulin  and  nucleoalbiimin.  The  globaliu 
coagulates  at  abont  53°  C.  and  the  nucleoalbumin  at  63°  C.  The 
quantity  of  phosphoruB  in  the  latter  is  0.37^.  According  to 
LiEBERMANN*  the  kidneys  contain  lecithalbumin,  and  he  asciibei 
to  this  body  a  special  importance  in  the  secretion  of  acid  urines, 
namely,  he  claims  that  the  lecithalbumin,  which  acts  like  an  acid, 
decomposes  in  part  the  alkali-salts  of  the  blood-plasma  in  the  cells, 
combining  with  the  alkalies.  Besides  the  above  protein  sabstancei 
and  the  albuminoids  of  the  conn ecti re-substance  gronp,  thekidneji 
contain  u  bo<h/  similar  to  mucin.  The  question  as  to  whether  pare 
mucin  realty  exists  in  the  kidneys  has  not  been  decided.  The  bodj 
similar  to  mucin,  which  is  a  nucleoalbumin,  and  which  givee  no 
reducing  siib^^tance  when  boiled  with  acids  (Lonnbero'),  belongi 
chiefly  to  the  papillse,  while  the  cortical  substance  is  richer  in  i 
non-muciti-like  nucleoalbumin. 

Fat  occurs  only  in  very  small  amounts  in  the  cells  of  tbe 

tortuous  urinary  passages.     Among  the  extractive  bodies  of  the 

kidneys   we   find   xanihin   bodies,  also  urea,  uric  acid   (traces), 

glycogen,  Uucin,  inosit,  taurin,  and  cysHn  (in  ox-kidneys).    The 

quantitative  analyses  of  the  kidneys  thns  far  made  possess  little 

interest.     OinxMANN*  found  810.94  p.  m.  water,  179.16  p.  m. 

organic  and  0.1)9  p.  m.  iuorganic  substance  in  the  kidney  of  an  old 

woman. 

The.  tluM  ollrctcd  undiT  patbological  conditioDS,  as  in  b^dmnephroNi,  ii 
thin  with  a  variiilil<-  Imi  peuerally  low  wpecifio  gravity.  Usually  it  is  rtrt*- ' 
yellow  i>r  pxler  in  color,  iinil  i-uitiettuics  colorless.  Most  frequeDtty  it  iBClW, 
or  only  faintly  cloudy  from  wliitn  I>1(Km1  corpusclfs  and  epitlieliuiu-cvUi:  i"' 
few  cases  it  is  so  ri<  h  in  form-elements  tbat  it  appear-^  like  pus,  Pfoteidi 
occur  generally  only  in  small  amounts;  .sometimes  it  is  entirely  absent,  aixilB 
a  few  rare  cases  tlif  nmount  is  nearly  as  large  aa  in  the  blood-aerum.  Cw 
occurs  sometimes  in  conslderalile  iimonnt-*  wben  tbe  parenchyma  of  thekldnf 
in  only  in  part  atrophied ;  in  complete  atrophy  tbe  urea  may  be  entirely  abwoL 

I.  Physical  Properties  of  Urine. 

ConslBtency,  transparency,  odor,  and  taste  of  urine.  Urine  ■ 
under  physiological  conditions  a  thin  liquid  and  gives,  when  ehikv 
with  air,  a  froth  which  quickly  subsides.     Human  urine  or  aii'" 

•  Journal  of  Physiol..  Vol.  18,  Suppl. 
»  PflUger's  Arch..  Bdd.  50  ind  M. 

■  See  Maly'B  Jaliresber  .  Bd.  20. 

*  Cited  from  v.  Qorap-BMiuei,  Ldirb.,  4.  Anfl.,  S.  789. 
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{rem  carnirorat  which  h  habitually  acitl^  appears  clear  and  trans- 
porcut,  ofteu  faintly  (InurvtHjetit,  iirinieOiiitely  iirter  voiding.  When 
alloweil  to  stunil  for  a  little  while  liuiiiau  urine  nhowa  a  light  cloud 
{nubtcuJa)  which  oonBistB  of  the  so-called  "  mucus"  and  generally 
also  contaiDS  a  few  epithelinm -cells,  mil cns-corpn soles,  and  nrate- 
graaalftB.  The  presence  of  a  larger  qnantity  of  umtoa  readers  the 
urine  iilondy,  and  a  clay-yelloir,  yellowish-broBrn,  rosc-coIored,  or 
often  brick-red  precipitate  {nedimenUtvi  lateritium)  settles  on  cool- 
ing because  of  the  greater  iiisohibilicy  o(  the  urates  at  the  ordinary 
temperature  than  at  the  temperature  of  the  hody.  This  cloudiness 
disappears  on  gently  irarming.  In  now-bom  inffluts  the  cloudiness 
of  ibe  urine  during  the  finit  4-5  days  is  due  to  ejiitbelium,  itiucus- 
corpiiscled,  uric  acid,  and  urates.  The  urine  of  herbivora,  which  ie 
habitually  nBOtral  or  alkaliuc  in  reaction,  is  very  cloudy  on  account 
of  th«  carbooAtes  of  the  alkaline  earths  present.  Human  nriue 
may  sometimes  be  alkaline  under  physiological  conditions.  In  this 
caae  it  is  made  cloudy  by  the  earthy  phosphates,  and  this  clonrtineas 
does  not  disappear  on  warming,  differing  in  this  respect  from  The 
M/iMiiftt/MMt  Utttritium.  Urine  has  a  ^nlty  and  faintly  hitter  taat« 
produced  by  sodium  chloride  and  nrea.  The  odor  of  nriue  is 
peculiarly  aromatic;  the  bodies  which  produce  this  odor  are 
unknown. 

The  color  of  nrine  is  normally  pale  yellow  when  the  specific 
gniTity  is  1.0'^y.  The  color  otherwise  depends  on  the  concentration 
of  the  urine  and  varies  front  pale  straw-yellow,  when  the  urine  cou< 
tains  small  amoiinta  of  solids,  to  a  dark  reddish  yellow  or  reddish 
hrown  in  stronger  concentration.  As  a  rule  the  intensity  of  the 
color  corresponds  to  the  concentration,  but  nurter  pathological  con- 
ditions e-tceptions  occur,  andeticU  au  exception  is  fonnd  in  diabetic 
urine,  which  contains  a  large  amount  of  solids  and  has  a  high 
specific  gravity  and  a  pale  yellow  color. 

The  reaction  of  urine  depends  essentially  upon  the  compoaition 
of  the  food.  The  camivora  void  an  acid,  the  herbivora  a  neutral  or 
alkaline,  urine.  If  a  carnirora  is  pat  on  a  vegetable  diet,  ite  urine 
may  become  less  acid  or  neutral,  while  the  reverse  occurs  when  an 
herbWora  is  starved,  that  ia,  when  it  lives  open  its  own  llesh,  as 
then  Che  nrine  voided  is  acid. 
K  The  urine  of  a  healthy  man  on  a  mixed  diet  has  an  acid  rtao 
K^wn,  aod  the  sum  of  the  acid  equivalents  us  greater  than  the  sum  of 
the  base  equivalents.     This  depends  on  the  fact  that  in  the  physi- 
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ological  oombnstion  of  neutral  substanoee  (proteids  and  otben) 
williiu  the  orpmifim  acitla  are  produced,  cliieflj  sniphnric  acid,  but 
nUo  phoBplioric  and  organic  aciUK,  aucli  aa  liipparic,  uric,  and  onUc 
acid,  also  aromatic  oxyacid^  and  otliera,  Fcom  this  it  follom  tfut 
the  acid  reaction  is  not  due  to  one  acid  alone.  We  do  not  know  to 
vhat  extcut  an;  ooc  ucid  takes  part  in  the  acid  reaction ;  bat  ti  tbt 
8iim  of  the  base  equivalents  is  greater  than,  or  at  loa«t  the  laineiL 
tlie  sum  of  the  inorganic  acid  equivalents,  the  acid  reaction  muit  be 
doe  in  greatest  part  to  organic  acids  or  acid  salts.  It  is  gencnll; 
considered  that  the  acid  reaction  of  Unman  arine  is  catued  bj 
donble-acid  alkali- phosphate  (mooophospbate).  The  quantit;  of 
acid- reacting  bodies  or  combinations  eliminated  by  the  urine  in  %^ 
hours,  when  calculated  as  oxalic  acid  or  hydrochloric  acid,  i« 
respectively  2-4  and  1.15-9.3  gi-ms.  j 

1'ltti  coHLposition  of  the  food  is  uot  the  only  inHuence  wl>i^ 
affects  the  degree  of  acidity  of  human  urine.  For  example,  ifter 
taking  food,  at  tlie  beginning  of  digestion,  vrhen  a  larger  amonat 
of  gastric  juice  containing  hydrochloric  Hcid  is  secreted,  the  nnw 
may  be  neutral  or  even  alknline.  The  statements  of  varioas  itiw- 
tigalora  are  rather  contradictory  in  regard  to  the  time  ot  the  appear- 
ance of  the  maximum  aud  niinimuni  of  the  acidJtv,  vrhioh  ouv  in 
part  be  exjiiaiued  by  the  difft-rent  iudividaality  and  diiferent  co«ili* 
tions  of  life  of  the  pfirsonti  luvestigaled.  It  has  not  infreqneatlf] 
been  observed  tliat  perfectly  healthy  {persons  iu  the  morning  voi^i 
neutral  or  alkaline  uriuu  which  is  cloudy  from  earthy  phoephitot 
The  eiTuct  of  muecular  activity  on  the  acidity  of  urine  lias  uot  Wo 
positively  determined.  Accordiug  to  Uoffmaxx  '  aud  ICixostedt' 
muscular  work  raises  the  degree  of  acidity,  but  Adl'CCo'  eUinu 
that  it  ilecreaflOB  it.      Abuudant  perspiration  reduces  the  aciin? 

(HOFPyAXK). 

Ill  man  and  carnivora  it  secnis  that  the  degree  of  acidity  ef  the 
untie  caniif>t  he  iuureascd  alxivo  a  certain  point,  even  XhftH^ 
mineral  acids  or  organic  acids  which  are  burnt  up  with  diffiMlt^ 
are  taken  in  large  qauutities.  When  the  supply  of  carboasW*'' 
the  fixed  alkalies  stored  up  iu  the  organism  for  this  puriMite  ii  o"* 
BulUcient  to  combine  with  the  excess  of  acid,  then  aramouis  i*  ^^^ 

>  Zar  Semloloeie  dw  [luas.     lattug.-Diss.    Uorliu.   \9H.     See  Ustf'*  J*^] 
roBlwr.,  Bd.  14.  8  913. 

*  8m  Msly's  Jftlinwljor.    Bd.  SO,  S.  100. 

*  AkI..  Ud.  17.  S.  ;70. 
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from  the  proteiilA  or  their  ilecompoaitioii  prodncts,  »nd  tlic  exc€U 
of  luid  coiiihtnea  therewith,  forming  mnmonitim  Hftlta  which  pass 
into  the  wrine.  In  herbtvora  this  Hplitting  of  srnmoiiia  and  forma- 
tion of  Hintiionia  ealc«  doeg  not  Deem  to  take  place,  »tul  the  herhifora 
therefore  noon  die  when  acidit  are  given.  Kererlheles^  the  degree 
of  acidity  of  huiniiii  iiriiie  muy  he  easily  diniinished  i»o  timt  the 
rettctioii  ii)  ncuLmI  or  alkaline.  Thiii  ct^ciini  after  the  Likiii;;  of 
curbonatcH  of  the  lixed  alkulies  or  of  Mich  salta  of  vef^etatile  acid^— 
tartaric-acid,  citric-acid,  and  malic-acid  aalti) — ws.  are  etisily  bnmt 
into  carbonates  in  tlie  ot^uiKtti.  Under  ]>athological  conditions,  as 
iu  tlie  abaorpiiou  of  alkaline  traasndationt,  the  urine  may  becom« 
alkaline  (QriNCKK'). 

The  deffree  of  aeidity  cannot  be  ilfiermined  by  the  ordinary 
acitlimetric  process,  since  the  nriiie  contains  ili-lirdrogon  phottphate. 
MHjl'O,,  beaidee  hydrogen  di-phwipli!ite,  M.IIPO,.  In  the  litration 
Ifche  lii-livdrogBQ  phosphate  i&  changed  gradually  into  M.lIf'O,,  and 
we  obtoJii  at  a  ciitrLaiu  piunt  a  niixLure  of  tlie  two  phi)aphateB  in 
ruiablo  profiortious,  which  mixtnre  is  not  neutral  but  amphoteric. 
Since  it  ta  gcnnrully  admitted  that  the  iu::id  rtitction  of  urino  is  due 
to  the  di-hydrogen  phosphate,  it  is  therefore  bnst  to  express  the 
degree  of  acidity  hy  the  Muoont  of  di-hydrogen  phos]>bate 
present. 

If  wo  wish  to  calcnlato  the  degree  of  acidity  of  the  nrino  as 
di-hydrogen  phosphate  or,  still  more  simply,  as  phosphorio  anhy- 
dride, P,U^,  eontiuned  in  this  Halt,  the  titration  is  |>er[oriiied  uecord- 
ing  to  the  method  of  Maly  and  IIofcmasn,"  which  is  as  follows: 
Tlie  urino  (H>ii-30()  c.  r.)  is  treated  witli  an  exactly  measured 
rpiantity  of  i  nonnal  ciniBtic-sodasolutioH,  which  is  more  than  sufii- 
ejeut  to  convert  all  the  phosphate  into  Inu^ic  phosplmte,  or.  in  other 
words,  enough  to  make  the  uriue  strongly  alkaline.  Then  an 
approximates  normal  BaCI,  solution  (14'^. S  grniti.  UaCl,,*21I,0  in 
ft  litre)  is  added  nntil  no  farther  precipitate  is  formed.  By  thia 
means  all  the  ]>hosphoric  acid  is  prvcipiUited  from  the  uriue.  Filler 
through  a  dry  tilter,  measure  a  quantity  corresponding  to  dO  or  100 
c.  0.  of  the  original  urino  from  the  filtrate,  and  titrate  witli  j- 
nonnal  sulphuric  ui:id  until  a  ueutntl  reaction  is  obtained,  using 
litmus -paper  as  an  indicator.  If  tlio  amount  found  by  this  titration 
bo  snbtructed  from  the  original  amount  of  cjtiistic  soda  added  to  this 
Tohinic  of  urine,  the  differenoc  is  the  amount  of  cnn^tic  soda  neces- 
sary to  conrert  the  existing  di-hydrogen  ami  hydrogen  di-]iiiospliaie4 
into  normal  phosphtite.  If  we  designate  this  by  u,  and  the  qtiautity 
of  total  F,0,  in  tnillignunmos  in  the  ^amo  quantity  of  nrine,  as 

*'AeH»chr.  t  klin.  M«.l..  Brl.  7,  Stippl.,  I8S4. 

'  Malt,  ZtriUKbr.   f.  anal.  CUoa.,  Bd.  18.  andP.  HoffmuiD,  Arclt.  d.  Hell, 
kundo,  Bd.  17, 
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determined  by  a  method  which  will  be  de^ribed  Ut«r,  by  g,  tliw 
wc  obtain  tlie  qimntitr  of  P,0,  in  tnilligranimee  in  the  <li*ljTdro^ 
pliCMiplmtc*  by  Ihu  followinjr  formula;  n  —  l7.7Sn  ~  g. 

If,  for  example,  m  a  «it>e  In  which  the  coiiTension  of  both  phot- 
phuteB  iuto  normal  phospiiuce  iu  100  c.  c.  of  the  urine  rcquireJ  20 
c  c.  caustic;  soda,  while  the  total  quantity  of  I*,Oj  in  100  c.  c.  imoe 
was  '^75  niilligrammej*,  then  s  =  17.75  X  'iO  —  *^70  —  80  rnilli- 
grummeB.  The  i|uantity  of  I\0,  as  Bitnpla  aoid  phosphate  »« 
therefore  IMS  milligmininea. 

Thici  nietiiud,  utioorUing  to  LiRiiLRtx,'  gives  too  high  fi^inij  for 
the  di-bydrogen  phcspbate.  The  (]ii!iiitity  of  alkali  used  is  too 
groat  because  of  the  formation  of  ba*ic  barium  phosphate.  Lira- 
LRiN  recommetids  the  following;  method  as  suj^gasted  by  FnitrM'-' 
Fii^t  determine  the  total  c|aantity  of  plirMphoric  oeiii  iu  the  arise 
by  means  of  titration  with  uranium  aolution  and  then  [>roci{)iUU 
the  phosphoric  acid  existing  as  simple  acid  m\tA  in  another  porlioa 
by  harinm  chloride,  and  determine  the  phn^^phartc  acid  renmiiiin^  i 
a  poj-t.ion  of  the  filtrate  a&  nionophospliate  by  titration  with  urauiEiB 
^oiiitiou. 

According  to  Liisblein  10  c.  c  of  a  nonoal  barinm  chloriilc 
Miluiiou  {Wi  grm.  U.iC,'l,,'£ll/J  in  1  litre)  are  nsed  tn  precipitil« 
each  100  milli^imme.s  touU  pboRphoric  avid  exietlng  us  simple  icid 
Balta,  the  liltrtitc  made  up  to  lOQ  c.  c  and  the  phosphoric  aciii 
determined  in  50  e.  c.  thereof.  In  the  precipitation  of  thenfiw 
with  iJaCI,  about  'H  of  the  phosphoric  acid  eiiating  as  ainifdeacil 
£altHrem»iris  in  solution  as  double  auid  suit,  uud  bonce  acorreapoi  * 
ing  corrftPMon  niu-ft  lie  made.  As  one  third  of  the  phosphoric arii' 
is  combined  with  fixed  bases  aa  ilonhleaeid  saltii,  Lirblein  isof  ii» 
opinion  that  in  calculating  the  acidity  of  a  nrino  only  two  thinU 
tbiK  phosphoric  acid  ii^  to  he  ascribed  thereto 

Pkm:mv    KDil    ToKrPKK'     >iiiv<«     laU-ly      !-uftir«)li^     *    ni«lliod    Fur  Ai 
deurmiuatiiiii  »C  ibe   auliliiy   &d   w»ll  lu   ibo   ulkalinlty   of    tlit*    nAt*  l>f 

means  uf  litrktion  tritli  —  caustic  «o<ls,  or   —  ltv<Iroeliloiic  acid,  uitin^pl''' 

nolplithaieio,  sorlium  alix&rin  Hulplionate,  or  a  anlutt'Oi  of  PuiKlKi'»  li'MJ 
at  ludlculorH.  Libulbik's*  invwU^tlous  do  not  •peak  in  tvtot  "f  ^^ 
m«tbocl. 

A  urine  with  an  alkaline  reaction  caused  by  fixed  alkalie*btf' 
way  di^erent  diafrriostie  value  from  one  whose  alkaline  rweliP"" 
eansed  by  the  presence  of  ammonium  carbonate.  In  the  lattor'^*'' 
we  have  to  deal  with  a  decompositioa  of  the  utm  oI  the  nniia  bj 
the  action  of  micro-organ iama. 

■  K«)Uclir.  f.  ph^siol.  C<>«ni  .  H<l.  20. 

«  CoDlnlM.  r.  tl.  med.  Wisseo-ck.  1893.  S.  68>. 

'Kdwebr.  I.  pbrnlol.  Cb«m.,  Bd.  1».  S.  B4. 
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If  we  wish  to  dotormiuo  whether  the  alkaliae  i-euction  of  the 
nn'ne  is  ilite  to  aminuiiiii  or  lixeil  alkalies,  wc  (li|i  u  piece  of  rixl 
titmns-papcr  iuto  tho  nniic  and  allow  it  to  dry  exposed  to  the  uir  or 
to  a  gentle  heat.  If  tlie  alkaline  i-OACUon  ia  dae  to  ammoniii,  lIiq 
pa|ier  becomes  red  iigaiu;  but  if  it  is  caused  by  fitted  aikuliee,  it  / 
remaiuB  blue.  -^ 

The  ipeoific  ^rarity  of  iirioe,  which  is  depeudent  upon  th« 

relationship  existing  l)«twc«n  the  qiiantitv  of  water  aecreteil  and  the 
aolid  uriniirv  constitiionta,  enjveciall)'  the  urtiu  ajid  Hodiiim  chloride, 
may  vary  considerably,  htit  is  generally  1.017-1.020.  After  drink' 
ing  large  quantities  ot  water  it  inay  fall  to  1.003,  wliilpnfter  profuse 
perspiration  or  after  drinking  very  iiicle  water  it  may  rise  to  I.()35- 
1.040.  In  new-born  infants  the  fipecifin  gmrlty  la  low,  1.O07-1.O05. 
The  determination  of  the  spt^ciflc  gravity  ia  an  important  menus  of 
learning  the  average  amount  of  solids  eliminated  from  the  organiKOi 
with  the  nrine,  and  on  this  accoant  the  detfirminotion  becomea  of 
true  value  only  when  at  the  name  time  the  f|uantityof  nrine  voided 
in  a  given  time  i«  determined.  The  difTerctit  portions  of  nrine 
voided  in  the  conrso  of  tho  24  hours  arc  collected,  mixed  iogecher, 
the  total  quantity  measured,  aud  then  the  specific  gravity  taken. 

The  dderininatiun  of  the  »yecific  gravUtf  is  most  accurately 
obtained  with  the  pykuoniotcr.  Por  onlinary  cosos  the  speuiOc 
gravity  maybe  deterinincd  with  siiflicit'ot  a^rurauy  hv  iiKtans  of 
areometers.  The  areometers  found  in  the  tra«le,  or  urinomrfers, 
are  graduated  from  I.ihh)  to  1.040;  for  exact  obfiervations  it  is 
better  to  um  two  urinom titers,  one  graduated  from  l.Ouu  to  1.0^0, 
aud  the  other  from  1.020  tu  1.040.  A  special  tiriuuioeler  is  that 
of  Ukulek,  which  is  gnuluated  aooording  to  Uanmu's  »calo,  from 
0  to  a.  Each  degree  correspondB  to  7  dogrcos  of  the  urdinnry 
nrinometer,  aiul  as  the  rero-jKiirit  yf  Hp.i.LBR's  nrinouieter  corr»- 
S[K)niU  tu  the  Hgiire  10<)0,  then  ths  1,  1.5,  3,  2.6,  3,  etc.,  deftreea 
of  llbLLCK'ft  uriuometer  cornMpo'ul  to  l.(><^7,  l.OlUS,  1.014, 
1.0175,  l.l.>'-!4,  etc..  of  the  ordiaary  speciOc  gravity. 

To  detprinine  the  specillc  gravity  of  urine.  If  necesrary  filter  tho 
nrine,  or  if  it  coutiuns  a  unite  sodimeut,  Hr^t  diiatolre  it  by  gentle 
ht'ut,  then  porir  the  clear  urine  into  a  dry  eylinder,  avoidiui;  the 
fonnalioti  of  Froth.  Air-buhbles  or  froth,  when  present,  ninst  be 
removed  with  a  glass  rod  or  Glter-paper.  Tlie  cyliuder,  which  must 
be  about  i  full,  ntust  be  wide  enough  to  allow  the  urinoDictor  to 
swim  frooly  iu  the  liquid  without  touching  the  eide^.  The  rvlinder 
and  urinomet^ir  Hhoiild  botli  be  dry  or  previously  washed  ivitli  the 
nrine.  Ou  reading,  the  eye  h  brought  on  a  level  with  tiw  ]«*\v-i' 
meniscus — which  occurs  when  the  6urfiirf>  of  the  liquid  :iiiil  the 
lower  limb  of  the  menisous  coincide;  the  reading  te  thvu  made  Irooi 
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the  point  where  this  cnrved  line  cnta  the  scale  of  the  nnQomeur. 
If  the  eye  is  not  in  the  same  horizontal  plane  with  the  convex  lion 
of  the  metiisctis,  but  is  too  liii;h  or  too  low,  the  snrface  of  theliqnid 
adsnmea  the  shape  of  nn  ellipse,  and  the  reading  in  this  poeition  is 
incorrect.  Hufiiru  roiuiin^  jire^fl  the  tirlnoineter  gently  down  int9 
the  Hqnid  and  then  allow  it  to  rise,  ami  wait  nntil  il  ig  at  rest. 

If  the  quantity  of  urine  at  dispoaa)  is  not  anllicient  to  fill 
cylluiler  to  the  proper  height  it  may  be  diluted,  according  to 
cunistuuces,  wiLti  lui   equal    volume  or  several  volumes  uf  wstefi^ 
This  docs  not  give  <piite  aoniirate  results,  and  with  small  qnaatilia 
or  urine  it  va  best  to  determine  the  spocitic  gravity  b;  meane  of  tbe 
pyttnonieter. 

Each  nrlnometer  is  gniduat&l  for  a  certain  tcmpcruture,  whirli 
ia  nuirked  on  the  inatrunient,  or  at  lea^t  on  the  beet.  If  the  Qrine 
18  not  al  the  proper  temperature,  the  following  corroctione  nioetbe 
madn:  I'ctr  every  three  degrees  above  tlie  iionnal  teinperatiir<' cne 
nnit  of  the  last  onler  fa  abided  to  the  reudiug,  and  for  every  thn« 
degrees  bi-low  the  normal  leDipernturo  one  unit  (as  above)  is  sub- 
tracted from  the  specific  gnivity  observed.  For  example,  wIicd  b 
Mrinoineter  graduated  for  -f-  15°  C.  showa  a  specific  gravjtr  of 
1.017  at  -t-  2-1"  C,  then  the  siiecifio  grarity  at  -+- 15°  C,  =^  K0I7 

+  o.cKia  =  i.oao. 

II.  Orj^iLiiIc  l*liyHiolt>fjficaI  C'onKtUuentH  of  the 

UriiK*. 

Una,  (Jr,  whtob  is  ordinarily  considered  as  carbamid,  CO(MI,}n 
may  he  synthetically  prepored  in  several  difTerent  ways,  DJUB<lr«| 
from  ca.rboiiyl-chloride,  or  carbonic-acid  ethyl-ether  and  aauiiouii 
COCl.  -f  «N1I,  =-  rO(Xi[,),  -f  2U01,  or  (C.1I,),.0,.C0  +  iM 
=  3(C,II..0iI)  +  C0(NII,),;  by  the  metamerio  decomposition 
ammonium    cyanate,  CO:  N.NIT.  =  C'0(N1I,),    (WtiliLEH.   l!«S)i 
and  in  many  other  ways.     It  is  also  formed  by  the  deoompOf>u<3 
or  oxidation   of  certain   hodiea  fonnd   in   the  animal   ofgauii'Oi 
such  OB  creatin  and  uric  aciil. 

Urea  is  found  most  abundant  in  the  urine  of  camivora  aad  Bn<^L 
but  in  smaller  qiiHtiticies  in  tliat  of  herbivora.  The  quantitfi 
human  urine  in  ordinarily  iO-'.W  \>.  in.  It  had  aXso  been  fouwli 
BDtall  qnantittes  in  the  urine  of  certain  birds  and  amphibia 
Urea  ocunn  in  the  [wrspiratinn  in  small  quantities,  and  an  trace*  i 
the  blood  and  in  mo^t  of  the  animal  Huidtj.  It  ajao  occurs  iti  rutbc^^ 
large  (jnuntitieti  in  tlie  blood,  liver,  tnuKcIe  (v.  SrHROBDBB'}  sa -^^ 
bile*  of  sharks.     Urea  is  also  found  in  certain  tissues  and  ci:g*u^^ 

'  ZoiL^clir  r.  phydol.  Cb*m.,  Bd.  14. 

'  iDvwtLigatioiiK  odL  |>iibliiiliv(l  l-j  tbv  author. 
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vuuninHls,  especially  in  the  liver  and  splcoa,  aud  in  smoUer  quanti- 
ties in  tho  muaclca.  Under  pathological  conditions,  as  in  obatmcted 
«xcrccion,  urea  may  appear  to  a  cousideraUe  extent  in  the  aiiimul 
fiuida  and  tisgoea. 

The  quantity  of  tireu  which  is  voided  in  34  [loiirs  on  a  mixed 
diet  is  in  a  grown  man  abont  30  grms.,  for  women  somevbat  leas. 
Children  Toid  absolutely  lesB,  b«t  relucive  to  their  boJy-weight  the 
excretion  is  larger  thiin  in  grown  ]tersotiB.  The  physiological  aig- 
Tiificance  of  urea  lies  in  the  fact  that  tliis  body  forms  iti  man  and 
curnivom,  from  a  f|iiiinl.itatiTe  standpoint,  the  most  Important  ni- 
trogenous final  product  of  the  nielaltolism  of  proteid  bodies.  On 
this  account  the  elimination  of  urea  varies  to  a  great  extent  with 
the  amonnt  of  proteid  transformed,  and  iibove  lUl  with  the  quantity 
of  abBOrbable  protcids  in  the  food  taken.  The  elimination  of  lire* 
is  greatest  after  an  exclusive  meatdii't,  and  lowest,  indeed  less  than 
during  starvation,  after  the  consumption  of  non-nitrogenoiis  bodies, 
for  these  diminish  the  metabolism  of  the  proteids  of  the  body. 

If  the  oonaumptinn  of  the  proteids  of  the  body  is  increased,  then 
the  elimination  of  urea  i^  correspondingly  increased.  ThiR  is  found 
to  a  rather  high  degree  in  certain  diseases  with  fever:  a1<to  in  other 
cases  of  increased  elimination  of  nitrogen,  such  as  after  poisoning 
wilt)  arsenic,  antimony,  and  phosphoms,  by  a  diminished  snpply  of 
oxtgeti — as  in  severe  and  continuous  dyspnoea,  poisoning  with 
carbon  monoxidQ,  hemorrhage,  etc. — it  u.4ed  to  be  considered  that 
it  vae  due  to  an  increased  eliminalion  of  urea  because  no  exact 
difference  wa.<!  made  between  the  quantity  of  itreu  and  the  total 
quantity  of  nitrogen  in  the  urine.  Recent  reaoarclies  have  com- 
pletely demonstrated  the  nntmstworthincss  of  these  observations. 
Siace  PKi-Cneit  and  BoiiLAKn'  have  shown  that  10^  of  the  total 
liitrogen  of  the  urine  exists  under  jdiysioiogical  conditions  as  other 
«ombi nations,  not  urea>  attention  has  been  called  to  the  relative 
Telationahip  of  tlio  different  nitrogeuoiia  constituents  of  the  urine  to 
«iich  other,  and  it  hue  been  found,  under  pathological  conditions, 
'that  this  relationship  may  vary  very  cousidembly,  especially  in 
TQgard  to  the  urea.  We  have  luim^rona  estimations  by  differeat 
invesUgstors,    such    tu    Boiilan-d,'    E.   ScutaTZB,'    Caubsbb,' 


'  Pflafter's  Aich..  IMd.  a8niii3  4» 

•  Ibid. .  Hd   <a 

*  ibid.,  iid.  46. 
<  Z«itsclir.  f.  Btol(«i9.  Udd.  M,  37,  nod  38. 
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VoHEft,'  MiJRNKR  and  Sjoqvist.*  Oumlich,'  and  others,  on  l)» 
rfilfittoTiBliip  of  the  difTerent  niCrojitenoiiR  cotiritttuenLd  lu  each  ottief 
in  normal  nrlne  of  udiilti).  SJiiqvisT*  has  niude  nimilnr  estimatiou 
on  new-born  babes  from  1-7  d&yA  old.  From  all  thes«  aiialysMve 
obtain  the  following  fignres,  A  for  adnlta  and  U  for  new-born  Ubet. 
Of  the  total  nitrogen,  we  have: 


uwft w-aij 

AnimTJiiift  2-5 

Uric  .Kid l-» 

KcmiLiaiiig  nttro^i>nouHHnbwtKiic>o8(attnoti7Ml 7-13 


B 
7S-;5 
7.8-9.S 
8.0-tl.9 
7.8-I4.T 


The  different  relationship  between  nrie  aoid,  ammonia,  and 
nitrogen  in  children  aud  adnlta  i^  remarkable,  eince  the  urine 
children  ia  consideraMy  richer  in  uric  acid  and  ammonia  and  cob- 
iiderably  poorer  in  ur&a  than  the  nrine  of  adnlte.  In  dJMSM  the 
proportion  of  the  nitrogenous  snbstances  majr  be  markedljr  changed 
and  a  decrease  in  the  rjnantitj  of  nrea  and  an  increa^  in  the  quu- 
titj  of  ammonia  have  been  obserred  in  certain  diseases  of  the  Ii»r 
This  will  be  treated  of  in  detail  in  connection  with  the  fomiilioii 
of  urea  in  the  liver.  It  is  natnniJ  that  there  ifi  a  diminished  fonnt- 
tion  of  Tirea  in  diminifthed  admjnistnitiot]  of  proteidf)  or  diminiabal 
comiuwption  of  proteids.  In  disetwes  of  the  kidneys  which  di*tnA 
or  destroy  the  iategrity  of  the  epithelinm  of  the  tortuous  orinvT 
passage  the  elimination  of  nrea  is  ccmsiiIerAl>ly  dimini.'ihed. 

FomiatiOH  of  urea  in  the  organism,     The  ex]>erin»erita  to  pro- 
duce urea  directly  from  proteids  br  oxidation  have  not  led  toaaj 
pontive  rcfiulta.     On    the   contninr  DuEriisBL,  as   mentioned  In 
Chapter   II,   has   obtained   lysin   and  lysatiu  aa  prodncta  of  the 
hydrolytic  oloavago  of  proceids  and  obtained  nnm  from  the  Ijxitio 
by  tho  action  of  alkalies.     According  to  Dkecuubl  and  Ubdix  (w* 
Oliap.  II,  p.  21.,  and  tUuip.  IX,  p.  302)  these  two  bodies  are  pr**" 
duced  by  the  hydrolytic  cleavage  of  proteids  by  trypsin,  and  ii    ^ 
also  possible  that  a  part  of  the  urea  may  be  formed  by  a  hydroly^^ 
cleavage  of  proteids  with  the)«o  two  bodies  as  intermediate  stepi- 

Creatin  aud   creatiniu,  which  are  homologues  of   lysatin,  ^^^ 
products  of  the  destruction  of  proteid  in  the  animal  body  and  i^*" 

'  Uftbur  diw   Miwbiiiig   der  iitickittofTlialtl^n  BeKtandthefU  In  Uam.      ^^ 
laaiiK.-Oiwi.     Dorlin.  1893.     Cited  frvui  Malv'ti  Jabrvsber.,  Bd.  93. 

•  Skaiid,  Aroti,  f.  PUjTjiol..  Bd.  S.    See  also  SJOqriBt,  Notd.  med. 
1899,  No.  as. 

•  Zuilaclir    f   pbyaiol  Chem.,  Bd.  17. 

•  Nord.  ii>»d.  Arlclv.,  1894,  No.  10. 
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jield  QKB  by  the  actioD  of  alkuliea,  hence  tlie;  ma;  be  steps  in  the 
forinatiou  of  urea  iti  ttie  body. 

In  tbe  decompoeition  of  proteid  bodice  we  ordinarily  obtain,  aa 
metilioned  in  Cdapter  II,  iuni<lo-iicidri  of  vurioiiji  kinil«,  Iionco  we 
cnuaidor  the  amido-ocidB  ua  interniorlioUr  atcpa  io  the  [ornmtioii  of 
area  from  proteida.  It  hoH  been  shown  that  loucin  and  glj'cocoll 
(ScuuLTZKN  and  Nksi:ki,'  Sai.kuwski  ')  and  aspartic  acid 
(v.  K-Kiutiiuai ')  may  be  in  part  transformed  into  urea  within  the 
<HrgaiuBm.  Tbe  nature  of  the  ohemical  proceeaes  by  which  those 
tiansformationg  are  effected  is  not  positively  known.  Hiiiuikdk- 
UBBU  claims  that  the  nitrogenous  conibi nations  in  wliicb  tlio 
nitrogen  exists  in  the  group  Nll^-Cli,  are  decompoeed  in  tlie 
or^nism  with  the  formuUoi]  of  ammonia,  and  also  that  tho  am- 
muniam  carbonate  ie  then  oonverted  by  a  syntheaifl  into  upoa.  The 
eorrectnesB  of  the  last  statement  has  heeu  recently  cotiflrmed  by 
many  inve^tigatorB.  Thus  the  reaearchea  of  v.  K.hikkiem,*  S&u- 
KowdKi,*  FniiER,"  1.  iMuNK,'  Coranda/  ScuMiKiJKisEKo  and 
Fb. Walter,*  and  I{Ai,r,ERWo»DF.N,"on  the  belmvior  of  umnioninm 
salts  iu  the  animal  body  and  tlie  eliniirLiitiou  of  tho  ammonia  under 
various  conditiouB.  have  shown  llitit  th'eaniuionium  salb^  with  strong 
acids  act  diffemtitly  iu  the  organism  of  cuirniFora  and  herbivora, 
while  ammonium  carlranate  or  such  snlcs  which  are  burnt  into  car- 
bonate in  the  organism  are  transformed  into  urea  by  carnivora  aa 
well  m  herbivora.  The  researches  of  v.  ScHRtiuBB  "  have  given  an 
explanation  aa  to  the  organ  in  which  urea  is  formed.  By  pasaing 
btoo<1  which  h»l  been  treated  with  ammoninm  carbonate  or  am- 
monium formate  through  a  dog's  lirer  he  found  a  Tory  considerable 
formation  of  nrea,  and  theon  obHervationa  have  been  confirmed  bj 
the  very  carerul  olHwrvationu  of  Salohon.'*     The  formauoD  of 


'Zoitiebr.  t.  Biologic.  Bd.  S- 
■ZtitBchr.  f.  ptij-Biol.  Cbi>i]i.,  Bd.  4. 

*  Zeltaobr  t.  Biolu; le,  Bd.  [0. 
*lbid.,  Bd.  10. 

•Zeitschr.  f.  phTsiol.  Chem.,  Bd.  I. 

*  Zi!iL>L-lir.  f.  Bi<ilu){ie.  Bd.  18. 

•  Zeituchr.  f.  plijmii>].  Chem,,  lid.  3. 

•  Arch.  f.  Patli.  u.  Pbarm.,  Bd.  13. 
•ywa.,  Bd.  T. 

**lbid-.  Bd.  10. 
"/&»./..  Bd.  15. 
"Vifdiow's  Arch..  Bd.  97. 
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ureii  from  atntuonium  carbonate  in  to  be  considered  ae  a  srat 
with  the  fxpulaioii  of  wttter. 

Tl>e  formatiou  of  urea  from  umido-acids  has  been  explained  in 
other  ways.  8rirni.TKKN  and  Nemki'  have  ozjiressed  the  vier 
that  ihe  amido-acidt!  yield  carbamic  acid  in  tlio  animal  body,  vhich 
then  is  transformed  into  area.  This  view  liEbt  later  received  fartlxr 
supjiort  by  more  important  ohservatJona.  Dieeciisrl*  has  elion 
that  the  amido-iK^ids  yield  carbamic  acIdB  by  oxidation  in  alkatina 
fluid  outaide  of  tlio  organism,  and  he  obtainciJ  nrca  from  ammuiiDiQ 
carliuitmto  by  podsing  au  alternate  elt!etric  current  through  its  edn- 
tioii,  namely,  by  alternate  oxidation  and  reduction.  [)RRrii(^EL  bu 
also  been  able  to  detect  Bmall  qnantities  of  carhaniates  in  blood,  and 
later  in  conjunction  with  Abel*  he  detected  aarbaniie  acid  in  aUs- 
lino  borae's  urine.  Dhkchsel  ihercforo  acccj)tft  the  formation  o( 
urea  from  animoniam  carbamate,  and  according  to  him  the  altenutt- 
JDg  oxidation  and  reduction  take  place  in  the  following  way: 


ftod 


H,N.O.CO.NH,  +  0  =  H.N.O.CO.NH, +  U,0 

H,N.O.CO.NH, +  H,  =  U,N.CO.NH,  +  H,0. 

Ufm. 


Arei.  and  Mt'iRnRAD*  bave  later  observed  an  abundant  elii 
tton  of  carbamic  acid  in  linman  »nd  dog's  urine  after  tlid  admJnii- 
tratton  of  large  qnantities  of  milk  of  lime,  and  finally  the  re^ltf 
appc^aranco  of  tliis  acid  in  normal  acid  human  and  dog's  tuvuliM 
been  made  Tory  probable  by  M.  Nemcki  and  IlAnN.'  These laiit- 
raentionod  invcatigators  have  alao  given  very  important  anpjiort  ^ 
the  theory  of  the  formation  of  nrea  from  ammonium  carbamate  ^ 
ohacrvaiionfl  on  dogs  with  Eck's  fistnla.  In  this  case  the  porul^ 
vein  is  directly  connected  with  the  inferior  vena  cava,  and  a  co" 
munication  is  thits  established  so  chat  the  blood  of  the  portal  v< 
ftows  directly  into  the  vena  cava,  without  paaaing  through  the  li*' 
Kbxcki  and  Hahn  obwrved  violent  symptoms  of  poiaouingiud' 

>  Zaitacbr.  f.  Hiolagi«,  Hil.  8. 

*  B«E.  d.  sAchB.  Uescltscli.  d.  Wisaenscb.,  1873.     S«a  also  Juitra.  T. 
Cbeiu.  (K.  F.),  B<I<1.  13.  16.  aod  22. 

>  Da  BoiB-H<iymuu(l's  Arcb..  1691.  8.  386. 
•Arab.  (.  «xp.  Path.  u.  Phftrm..  Bd.  SI. 

*  lUbn.  Mu.wD.   Nenoki  ot  Pawlov,  L«  fistule  d'Bck  d«  1*  Vfliii»ca« 
(£TMur  et  do  U  veiae  porle,  etc.     Arch.  d«B  HcienoM  blol.  d«  St.  P4lenb»' 
Too*  1,  No.  4.  I8S2,  aWi  Arch.  f.  exp.  Patb.  u.  Pljiino..  Bd  S3.  S  181. 
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after  tliiB  ojHjration,  mill  thetie  symptoms  were  qaJte  ideiiiical  with 
thofie  obtaitieil  on  intrixliicjiig  citrbamutc  iuto  the  blood.  Theae 
Bymptonis  dXm  ii[)|i«itr  afM-r  the  iiilroiiuution  of  Ciirbamule  iutu  the 
Btomach,  while  the  introduction  of  oiLrbamate  into  the  stomach  of  a 
normiil  dog  had  no  action.  As  these  obaerrera  aloo  (oiiiid  thiit  the 
itritif  i]f  the  dog  on  which  the  operation  was  made  waa  riclier  in 
carbamate  tbati  that  of  the  normal  dog,  the;  conclude  that  the 
symptoms  were  due  to  the  non-tmiiBformution  of  the  annnotiitini 
carbamate  into  nroa  in  the  iJTer,  and  Ihey  consider  the  iiminoiiiiini 
carhuniate  as  the  suhstanco  from  which  the  urea  is  derivecl  in  the 
liver  of  mammals. 

The  view  as  to  the  formation  of  urea  from  ammonium  carbumato 
does  not  contradict  the  above  statement  as  to  the  transformation  of 
carbonates  iuto  urea,  since  wc  can  iiiiag;inc  that  tlio  carbonate  is  tirst 
converted  into  carbamate  with  tlio  expulsion  of  a  molecnlo  of  water, 
and  that  this  then  is  transformed  into  urea  with  Che  expulsion  of  a 
second  molrculo  of  water. 

Besides  the  aboTo-montionod  tfaooricji!  as  to  the  formation  of  urea 
we  have  others,  which  will  not  be  given  because  the  only  theory 
wbiuh  has  thns  far  been  positively  deiiionBtrated  is  the  formation  of 
nreafrom  nmrnoninm  componnds  in  the  liver. 

The  question  in  which  organ  urea  is  formed  has  been  the  sabject 
of  numerous  investigations.  From  the  rescarohes  of  nnmerons 
invostigators,  Pkevost  and  IH'uas,  Miiiasnbk,  Voit,  (ikbiiant, 
(tSC^BBiDLBN,  Salkowski,  and  T.  Scuiu^dbb/  it  has  been  found 
that  the  extirpation  of  the  kidneys  canses  a  considerable  increase  tn 
the  quantity  of  urea  in  the  blood,  ami  that  the  kidneys  therefore, 
if  they  produce  nrea  at  all,  are  not  the  only  organs  which  cau  pro- 
dnce  it.  By  experiments  performed  on  the  removed  kidneys,  which 
were  analt^ona  to  the  above-mentioned  experiments  on  the  removed 
liver,  V.  ScnRonsR  has  shown  that  neither  the  kidneys  nor  the 
muscles  nor  the  remaining  tissues  of  the  lower  extremities  of  the 
dog  have  the  property  of  forming  urea  from  amrooniam  carbonate. 
The  liver  is  the  only  organ  where  the  formation  of  urea  from 
ammonium  compounds  hsA  been  proved  with  certainty,  and  the 
question  arises  a«  to  the  importance  of  these  compounds  to  the  nre.i 
synthesis  in  the  liver.  Is  all  or  the  chief  mass  of  the  nrea  formed 
from  ammonium  compounds  in  the  liver? 

'  Arcb,  f  eip.  Path.  u.  Pliarni. .  8d<L  15  and  18.  lo  nmwd  (o  thv  «hwve- 
citM  rrflearchm  ui'i  ihe  older  Iilcnturv  on  llim  subjoot  we  refer  tlui  rcvirr  to 
r.  ScbrOder,  aod  tlm  Voit,  Zeitsehr.  f.  Btologu,  Bd.  4. 
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No  sutisfactorv  nnawer  cun  be  given  ut  present  to  this  qt 
K  uroa  U  formed  from  ummouium  couibinBtiotiy  in  the  Hver,  \l 
we  can  expect  a  dimmished  or  roduoed  formutioti  of  area  aati  i 
oorrMpondiag  incrcoec  in  the  elimination  of  ammonia  in  excir}*- 
tion  of  the  liror.  The  normul  relationship  between  ammoaia 
and  nrea  in  the  arine  moat  in  these  casea  be  eaaentiallv  changed. 
In  order  to  dc-monBtratc  this,  cxperim(>Qts  hare  been  made  00 
animaia,  and  the  nrine  id  men  vith  liver  disease  haa  beea  b; 
amiaed. 

The  extirpation  and  atrophy  experimente  on  animaU  made  I 
different  mcthotishy  Xencki  and  Haiin,'  Si.osaK,*and  LieblxUT' 
hare  ahown  that  a  rather  marked  increase  of  ammonia  and  i 
dimitiiMhvd  elimination  of  urea  take  place  after  the  operation,  ImI 
also  that  there  are  cases  in  which,  irrespective  of  the  prononnotd 
Atrophy,  an  abundant  formation  of  nrea  tak««  place  hu<1  uo  appR- 
ciable  if  an;  change  in  the  proportion  of  ammonia  to  the  total 
nitrogen  and  urea  is  observed. 

The  observations  on  hnman  beingfiwith  diseases  of  tlie  liver  lead 
to  flimitar  results.  In  this  regard  the  niimerong  inresti^'stion!!  of 
lUt.LEBWOBDEN.'STAliKl.UASV,'  FlUNKKI,,'  FaWITZKI,'  MoES" 

andSj6<jviCT,*GL'iiucH«'  v.  >'oordek,'*  WEisiRAru,"  MCxzkb.' 

and  WiNTCRhCRo  "  and  others  on  Lbe  urine  in  cirrbocsisof  theli^W' 
acute  yellow  utroph^  of  the  liver,  and  phoapborue  jtoisoniog.  sk 
available.     Wo  learn  from  these  investigations  that  in  oertain  oasea 
the  pro]H>rtiou  of  the  nitrogenous  substances  mav  be  so  cbaogsA 
that  urea  is  only  60-6()^  of  the  tot4il  nitrogen,  while  in  other  oaaw« 
ou  the  contnry,  even  in  very  extensive  atrophy  of  the  liver-ooll*^ 
the  formation  of  nrea  is  not  diminished,  neither  ia  the  proporti^** 

*  l>u  Bolft-Hej-mand'a  Arch..  ISfrO. 
»  AFL'b   f,  v\y.  I'nili,  u.  I'lianii.,  IW.  a2. 

*  An-L,  r.  exi-,  Palb.  o.  l'l.B,ni...  IM.  12. 

*  l)niiU>cb.  Arrh.  r.  khti.  Mr<l  .  B.1.  3S. 

*  BerllD  kiln.  WocbenHcKr.  .lutirg.  1»7H  and  18K. 

*  I>«uUch.  ArcU.  f.  klin,  Med..  Bd.  45. 
*Skantl.   Arcli.   f.   Pliyibl..  Bd.  3;  we  iIbo  SJoqvist,  Nord.  mod. 

Ja1ir^'.  \m-i.  No.  80. 

*  Zeii'sclir.  T.  ph^slnl.  CWm..  Bd.  IT. 
»  Lebrb.  d.  Palliol.  dea  KtoffwecliaelB,  8.  887. 
■•  Arr.li.  r.  np.  Patli.  u.  Pliurm.,  Bil.  31. 
"DfldtwU.  Arch.  f.  klin.  Med.,  i»d.  5«. 
>*  MQnzer  and  Wlolerbere,  Arch.  t.  up.  Path.  u.  Phun.,  Bd.  SS. 
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betveeD  the  total  iiitrogen,  urea,  and  aaimouia  easeutialiy  cbauged. 
Kvuii  iu  the  ctt£es  iu  which  the  tonnatioa  of  nroa  was  ralativoly 
diuiiDiBliecI  and  tbo  oliiuiuatioa  of  ammouia  cousiderably  iDcreuscd 
we  musl  not  wiUioat  fartbor  iDvestigation  aaBoine  a  reduced  abil- 
ity of  tbe  orgauiam  to  iirndticc  nroii.  An  increosod  ulimiiiatiou  of 
||aniniouia  may,a8&bown  by  MDxxEU  in  ibouoso  of  acute  plio^phorus 
poisoning,  be  dependent  u{)oq  the  fornmtioD  of  abnormally  large 
quantJLiee  of  acids,  cautied  by  abnormal  metabolism,  and  thoeo  acids 
reqaire  a  greater  quantity  of  aminooia  for  their  neuiralization. 
'  For  the  jireMnb  we  are  not  jaatified  in  the  Rtatemoiit  chat  the 
liter  18  the  only  organ  in  which  area  ia  formed,  and  conlinned 
jorestigution  only  con  yield  further  Information  as  to  tho  extent 
»nd  importonoe  of  tbo  formation  of  urea  from  ammonia  compounde 
in  tho  lirer. 

Properiiea  and  HeaciioMs  of  ITrea.  tlreo  crygtallizeB  in  needles 
er  in  long,  colorloss,  four-sided,  often  hollow,  anhydrons  rhombic 
prisms.  It  has  H  neutral  reaction  and  produces  a  cooling  Beusation 
on  ibe  tongae  like  BaUpetre.  It  melts  at  130-132"  C,  but  decom- 
poses already  at  about  100°  C.  At  ordinary  temperatures  it  dia- 
soWes  in  equal  veight  of  water  and  In  five  parts  alcohol;  it  requires 
one  part  boiling  alcohol  for  solution;  it  is  iniolablo  in  alcohol-free 
ether  and  also  tn  chloroform.  If  area  in  substance  is  heated 
in  a  test-tube,  it  melts,  dccompoaes,  gives  off  ammonia,  and  leavfts 
Soally  a  non -transparent  white  residue  which,  among  other  sub- 
■tancea,  contains  also  cyanuric  acid  and  biuret^  which  diasolvee  in 
water,  giving  a  beautiful  roddish-Tiolet  liquid  with  copper  sulphate 
and  alkali  (biuret  reaclioH).  On  heating  with  baryta-water  or 
'caafltic  alkali,  also  in  the  so-called  alkaline  fermentation  of  urine 
caused  by  micro-organisms,  nreji  splits  into  carbon  dioxide  and 
ammonia  with  the  addition  of  water.  The  same  decompositioa 
prodaetA  are  prodnced  when  nrea  is  heated  with  conceutmted  sal- 
phuric  acid.  An  alkaline  solution  of  sodium  hypobromlte  decom- 
poses nrea  into  nitrogen,  carbon  dioxide,  and  water  according  to 
the  eq nation 


CON,H.  +  3NaOBr  =  3NaBr  -f  CO,  -»-  aU,0  +  N,. 


With  a  concentrated  eolation  of  furfurol  and  hydrochloric  acid 
Qrea  in  substance  gives  a  coloration   passing  from  yell<nr.  green, 
[blue  to  violet  and  then  beautiful  purple-riolet  aftera  few  minates 
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(SniiFP's  '  reaction).     According  to  TltrppERT*  the  tei^tishest  per* 
formei^  by  taking  3  c.  c.  of  a  fonnentmteil  furfnrol  soliitinn,  4-G^H 
drops  concentrated  liydrochlonr  iicid,  and  ojlding  to  tlii:i  mixture,  ^^ 
which  mnst  not  be  red,  a  small  crystal  of  urea.     A  deep  vioM 
coloration  appeant  in  n  fpw  minutes. 

I'rea  forniA  cryKtalliiie  com1>i nations  with  many  acids.  Amoog 
these  the  one  with  nitric  acid  and  the  one  vith  oxalic  acid  aro  t]ie 
moat  important. 

TTrea  Xitrate,  C0(N']!,),.IIK0,.  On  crystallizing  qaicldj 
this  cambinntioD  forms  thin  rhombic  or  six-sided  orcrlajiping  tOtJ, 
colorless  plates,  whoso  point  has  an  angle  of  82°,  Wlieii  crrstal- 
liziug  slowly,  larger'  and  thicker  rhombic  pillars  or  pUtee  an 
obtained.  This  combination  u  rather  easily  soluble  in  pure  mter, 
but  is  considerably  less  soluble  in  water  containing  nitric  aciil;  it 
may  be  obtained  by  treating  a  con  (Centra  ted  solution  of  urwwilli 
an  excess  of  strong  nitric  acid  free  from  nitrons  acid.  On  hill- 
ing this  combination  it  volatilixes  without  leaving  a  r«sidae. 

This  ooiiiTKiund  umy  iw  eiiitilvyi.'il  ^villi  wlvaritn^  in  dvI«ottB;  utxll 
aaonntK  i-f  iir4*&  A  rlrapnf  ihn  ooncetvtr&ind  HoluUon  in  plunsl  on  ■  enlCTn- 
soope-nlid«  mill  the  cover.gliuin  jiluced  u|inii  it;  a  drop  ol  i  ilric  Wii)  bUiaii 
placed  ou  the  side  of  lUe  cover-tflass  and  aliowfd  to  flow  undvr,  Tli*  fornii 
tinn  of  nryataU  biiirinii  wlicf  tlio  tuiliiliflti  and  ttI^  n.\tt\f  acid  mrvx.  Alkali 
aUralo-i  lua/ r.ryiitnlliw  vnry  MiiuiLarly  lu  urea  nilnta  when  Umj  niw  tmntt"- 
Jitaied  witli  oiIkt  bodies,  tber>*(i>r''.  In  wsiinK  for  urea,  llie  cry^tab  iuo«  ^ 
IdoatiBod  aa  urmi  niiratu  li/  hcjttm,'  and  by  otlier  means. 

Uhra  Oxalate,  2.C0{\n,),.n,C,0..  This  compound  is  more 
sparingly  soluble  in  water  than  the  nitric-acid  compound.  It  i^ 
obtained  in  rhomhie  or  six-sided  prisma  or  plates  on  uddiog  > 
siituratcd  oxalic-acid  solution  to  a  concentrated  solution  of  ures. 

l-'rea  also  forms  combinations  with  niorcnric  nitrate  in  rarisbie 
proportions.     If  a  very  faintly  acid   mer en ric- nitrate   solntion  ^ 
added  to  a  two-por-ceut  solution  of  urea  and  the  mixture  carefi^^^S 
Beiitralizsd,  a  combinstion  is  obtained  of  a  constant  compositw^ 
Vfhicb  contains  for  every  10  jiarta  of  urea  7?  ]>art8  meronric  ox*"^*- 
This  componnd  ser^-ea  as  the  basis  of  fjiEBin's  titration  meth*"**' 
Urea  combines  also  with  salts,  forming  mostly  crvstallizabl©  oO*** 
binations,  as,  for  instance,  with  sodium  chloride,  with  the  ohlor*^* 
of  the  heavy  metals,  etc.     An  alkaline  but  not  a  neutral  tola 
of  urea  is  precipitated  with  mercuric  chloride. 

The  methnil  of  preparing  nrea  from  urine  is  chiefly  as  folU 
Concentrate  the  urine,  which  has  been  faintly  aoidilied  with 
<  Bfir.  d.  dfltitMli  cliom.  <!if>Hdl<icli..  Ud    10. 
■nuppert-Nfrubauor.  .\11al7se  di«  Hames.  10.  AnH  .  S  "Stt. 
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phuric  acid,  at  a  low  leiiiperacure,  add  an  excetw  of  nitrio  aciJ,  at 
ilbe  same  tiuiu  keupnig  tbe  mixture  cool,  press  tbc  precipitato  wull, 
idecompose  it  in  wtitcr  witli  Tret^hly  precipitateil  luirium  oarbnnate, 
dry  on  the  water-bnth,  extract  the  residue  witli  strong  alcabol, 
decolorize  when  necessary  with  artimal  charcoal,  and  lilter  while 
Warm.  The  iii-ea  wliich  crystallizes  on  cooling  is  purilied  by 
TecrystalliKatiou  from  warm  uluohol.  A  further  t|uautity  of  urea 
may  be  obtaiued  from  the  niotlier-litjuor  by  concentnition.  Tbo 
nrea  is  purilleil  from  contaiDiemtiiig  mineral  boditis  by  redittsniviiig 
in  iilcohot-cther.  If  it  is  only  iiereasary  to  ilerert  the  presence  of 
oroa  in  nrine.  it  is  anfficicnt  to  conceiilrato  a  little  of.  the  nrine  on 
a  watch-glii-ss  tlitd  lifter  cooling  treat  with  an  excofn)  of  nitric  acid. 
la  this  wuy  we  ubtain  cry8t»Ut  of  urea  nitrate. 

Quaniilafivc  tCstivlatiOH  of  Urea  in  nrioe.  The  methods  aug- 
igested  for  tliid  pui'itoxe  are  Uio«e  of  LiBUitt  by  titnition,  of  IIbintz 
ftnd  Raosky,  iiUo  thiit  of  Kjf.ldaul,  by  which  the  total  nitrogen 
is  determined,  and  those  of  Buksiev  and  KNOi'-llfTK^'ER  and 
'MoRNBR'SjOqvisT,  where  nrca  is  intended  to  be  determined  as 
icb.  Among  these  methoils,  that  of  LiKitio,  wliich  is  ])orhap8  the 
imoBt  frequently  einp]oyed  by  physicians,  and  that  of  MoitS'GK- 
IVIST  will  here  be  carefnlly  explained.  In  regard  to  the  others, 
irho««  chief  points  only  will  be  epoken  of  here,  the  aludent  is 
Merred  to  other  text-books. 

LiEBKi's  Mtn'iioii  ia  based  upon  the  fact  that  a  dilate  Bolntion 
cf  mercuric  iiitmte  nnder  proper  conditions  precipitates  all  the  urea, 
iforniing  acomnoiind  of  eonstaiit  composition.  As  Indicator,  a  soda 
Bulutiou  or  a  tliiu  pa^te  of  eodiiim  bicarbonate  is  uued.  An  excons 
of  mercuric  nitrate  produces  herewith  a  yellow  or  yellowiab-browa 
combination,  while  the  combination  of  urea  and  mercury  \i  white. 
ppr.OnBR'  hrw  given  full  purticularH  of  thiH  mettiod;  therefore  we 
Nrill  describe  PflPoek'h  moditicatioti  of  l>iBBH>*a  method. 
{  A^  pUuitpboric  acid  is  aluo  precipitated  by  the  uiercuric-nitrate 
•olutton,  this  must  be  removed  from  the  urine  by  the  addition  nr  a 
Iwrytaaolutiun  before  titration.  PklDukh  uI^o  suggested  that  Lho 
acidity  proilnced  by  the  mercury  soliuion  he  neutraliKed  tiiiring 
titration  by  the  addition  of  a  eoJa  solLitibn.  The  liquids  ueceasary 
for  the  titration  tire  tin;  following: 

1.  Mercuric  Aitrate  ^Solution.  This  nolution  is  calculated  for 
•  ^f  ureii  (iolutioQ,  and  'Hi  c.  c.  vt  the  first  eltould  correi«pond  to  10 
ii.  c.  of  the  latter.  Each  c.  c.  of  the  mercury  solution  correepouda 
teO.Ol  grm.  urea.  As  a  small  excess  of  ligO  is  neaeaaary  in  the 
■urine  to  make  tlie  final  reiictJon  (with  alkali  ciirlionate  or  bicar- 
'bonate)  appear,  each  c.  c.  of  the  mercury  solution  must  contain 

'  PflQser.  and  HdUgvr  uid  Holilaad.  iii  PflQgvr'a  Arab,.  Bdd.  31.  34.  87,  ud 
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0.0773  iasteuJ  of  0.0730  kc-iii.  ilgO.     Tbe  mercury  solutiou  oou- 
toins  therefore  77.3  (^rms.  UgO  in  one  litre. 


M>tution  lUfi;  be  prrpnrcd  Tmrn  parvi  morcur;  or  morcaric  oxide  by  dli- 


The;. 

fli'>lvin^ 

«xcesii  of  ncid,  ii<  OiluUid  bt  ilitt  ouruf  iil  uililiiiiu  of  wnMr.  vtifring  meanwlil  c, 
nniil  it  lioA  ft  niMwIfic  gravity  of  1  10  or  a  little  hl^licr  at  -f-  W  K'.,  TheKle 
ti»n  U  iiUii)<JardixMl  M'iUi  n  ^S  MiLutUiu  of  \i\.ijh  un«  wbich  hmi  btwrn  driad  ii«t 
Bulltliurc  ai'id.aiid  tlie  upeniUcmcLiaiJuctoid  tts  will  tw  (leacril>ed  Ivlvr.  Kibf 
aoliiiinii  h  t(i>t  r<)nci'Dtrat«<I,  ii  a  corrccu^d  t>ytb>>  carvful  ttddiifnn  of  tluiMo» 
*nrv  niiiimiit  uf  »'iLt(<r.  Avnidin^-  precipitation  of  battle  null,  aiKl  tilralina;  i^ii- 
Tbe  itoltitlun  \f-  coirvct  if  19.S  c.  c.  of  it  adilpd  at  owcv  b>  10  o.  c.  of  tl»  itna 
aoluLioiisnd  tliDnuoagaryiiiuiiiiily  uf  nomml  fKHluaoluiinu  (11-13  ir.  c.  urinon) 
to  II  ttrl/  c  uuplitinly  iii-nlrjiliK'  tlie  iiiiniil.giT^-.i  iho  tins)  n.«clioQ  wtien  cmlty 
90  c.  c  of  iliv  iiiorciiry  Milutioi)  liuve  EMwneiiipluyml. 

%.  HnrtfUt  SolntwH.  Tliiii  consists  of  1  vol.  barium-nitrate  aod 
3  vols.  biiriiim-livUrute  eoliuion,  liutli  Haturated  hi  the  un}ina/r 
tempcrataro. 

d.  Normal  Soda  Snluthn.  Thi!ifir>lntionRonCainfl53ffrin>i.pan 
anhydrous  eodiuin  carbonate  in  1  liLre  of  water.  According  to 
TflDoer  u  Boliitiou  bavj[ig  a  speciUc  ^ruvity  of  L.l}5'i  is  sutTiciunt- 
The  umouDt  of  this  sodu  solution  neccssur}'  to  oomjiletclv  aoutnltift 
the  iiciJ  i^et  fn^e  during  thu  titraiiuu  in  dDturuitinfd  tiy  titrating  litli 
a  pure  "i^  ureu  sokuttnn.  To  fiicilitatc  operations  a  table  can  l# 
made  Rhowjng  the  <]iiaDtity  of  soda  solutiou  necessary  when  from 
10  to  35  0.  c.  of  the  mercury  eolution  is  used. 

IJefore  the  titrutiou  tlie  followiug  muat  be  cousldered.    The 
chlorides  of  the  urine  Interfere  with  the  titration  in  that  a  purlo' 
tiiQ  muruurio  nitruLo  is  truiiafonned  into  mercuric  chloride,  wliicli 
does  nrit  jirepipitiite  the  urea.    The  ohloridea  of  the  urine  are  ihere- 
fore  rcmored  by  a  sijcer-nitrate  solution,  which  also  remDret  MJ         I 
bromine  or  iodine  cDUibinatiotiA  which  iiiiiy  exisit  in  the  urine.    U         , 
the    urine   contains    proteid   iu    noticeable   amounts,    it    miial  ^ 
retuovmi  by  couKalaliou  and   the  udditiou  of  acetic  acid,  but  ca**        ' 
must  be  tuKen  that  the  coucGutratiou  aud  the  volume  of  the  ofi*' 
ia  not  changed  during  the%  oporiLtlouH,     If  the  urine  couto-^,'^^ 
ammonium   carhonnte   in    notahle   qnnntitiea,  cau^d    by  alka.Vil|^| 
ferrnetitiition,  this  titration  method  cannot  be  applied.     Th«  j***-"^^ 
13  true  of  uriuecoutaiuing  leuuiii,  tyro^in,  or  medicinal  prepanit*- '' 
precijutatod  by  mercuric  uitrutu. 

Ill  oases  where  the  urine  JR  free  from  proteiil  or  sugar  and 
Bpi'cially   poor   in  chlorides,    the  (|Uuotity  of  urea,  and  also 
approxiinute  quantity  of  mercuric  nitrate  necessary  for  the  litrat 
may  he  learned  from  the  specific  gravity.     A  specific  gravitj^V  Tj 
l.OIO  corresponds  to  about    10  p.  m.,  a  specific  gntvity  of  1.  - 

generally  somfwhat  Io^b  than  15  p.  m.,  and  a  epeciQc  gravit^^i;^.. 
1.01.5-1. 0-20    ahniit    ]fl-'20  p.   m.   urea.      With    u  specific    gra      — "' 
higher  thiin  1.030  the  urine  genenilly  containa  more  than  '20  p— •— ^ 
of  urea,  and  aboro  this  point  the  amount  of  urea  increased  m^^**^! 
more  rapidly  than  the  specific  gravity,  ao   that  with  a  >p9^^^f!j 
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tj  of  1.030  it  oontai:i8  over  40  p.  m.  ur«a.  Ferer  uriueB 
with  a  specific  gravity  abore  1.020  sometime-i  contain  30-40  p.  m. 
area,  or  eveti  more. 

Pbbpakatiok  for  the  TrxRATioN.  If  B  large  amount  of  nrea 
is  •Qftpectecl  from  a  higii  speoilio  grarity,  tlie  urine  muat  firttt  be 
dilat«d  ivith  a  carefully  measured  quantity  of  vater,  ao  that  the 
amouaC  of  area  i«  reduced  below  30  p.  ni.  In  a  special  portiou  of 
tbe  Batne  urine  the  iiiimunt  of  clilorideu  J&ileteriiiiiieii  by  one  of  the 
methoiid  which  will  bo  gircn  tater,  and  tbe  number  of  c.  c.  of 
silver-riitrute  aohitioii  rif-cfVMiirj' IB  notod.  Then  a  larger  qiiniitity 
of  nriDO,  aay  iOU  c.  c,  is  mixed  with  one  half  or,  if  this  ib  not 
lafticient  to  precipitate  all  the  snlpburic  and  phosphoric  acida,  with 
an  equal  rotnme  or  the  baryUi  solution;  it  is  then  allowed  to  stand 
a  little  while,  ati<l  the  precipiiute  ia  (iltored  through  a  dried  filter. 
From  the  filtrate  containing  the  nriue  ditnbed  with  water  a  proper 
quantity,  corruapoiuliug  to  about  60  c.  c.  of  the  originul  nrino,  is 
meoAored,  and  exRi^tly  nentralined  wich  nitric  ncid  iwlded  from  a 
bnrett«>,  so  that  the  exiict  quantity  employt^d  is  knotvii.  The 
neutralized  mixture  of  urine  and  baryta  its  tryjited  with  the  proper 
quantity  of  ailver-iiitrat^Dohition  iicce^ary  to  conijiletclr  precipituto 
the  chloridoH,  which  wai*  atKiertuiuod  by  a  proviou^t  determinmion. 
The  mixture  containing  a  known  volnine  of  nrine  ta  nonr  filteitid 
through  a  dried  filter  into  a  flaak,  and  from  tho  filtrate  an  amount 
is  measured  corresponding  to  10  c.  c.  of  tbe  original  oriDe. 

ExEciTioK  or  TiiK  TiTEATiON.  Nearly  the  total  quantity  of 
mercuric-nitrate  solution  to  be  Dsed,  aad  which  is  known  from  the 
Bpecillc  gravity  of  the  nrine,  ts  added  at 'once,  and  immedintt-ly 
afterwards  the  quantity  of  e.oda  Bolation  necessary,  as  indicated  by 
the  table.  If  the  mixture  becomes  yeUowish  in  color,  then  too 
iDuch  mercury  golution  ha^  been  added  and  another  determination 
must  be  nuide.  If  the  test  remains  white,  ami  if  a  drop  taken  out 
and  placed  on  a  glass  jilute  with  a  dark  buckgronud  and  stirred  with 
ft  drop  of  a  thin  paste  of  aodium  bicarbonate  does  not  give  u  yellow 
color,  tlie  addition  of  mercury  »nlution  \a  continned  l>y  adding  4 
and  then  -^  c.  c,  and  testling  after  each  atldition  in  tlic  fullowiug 
wjy:  A  drop  of  the  mixture  is  placed  on  a  gluMt  plate  with  a  <iurk 
background  beside  a  small  drop  of  tite  bicarbonate  paste.  If  the 
color  afCfir  stirring  the  two  dropit  together  is  still  white  after  a  few 
Beconds,  then  more  mercury  solution  must  he  added;  if,  on  tbe 
contrary,  it  is  yellowiBli,  then — if  not  too  much  mercury  solution 
liaa  been  added  by  inattention — the  resLilt  to  |i.  c.  c.  has  been 
found.  By  this  approximate  determination,  which  is  soflicient  in 
mauy  cases,  we  have  Iixed  the  minimum  ainonut  of  mercury 
flolntioQ  neceasary  to  add  to  tbe  quantity  of  urine  iu  question,  and 
we  now  proceed  m  the  final  determinatinn. 

A  second  qoantity  of  the  filtrate,  corresponding  to  10  o.  c.  of 
the  original  nrine,  is  filtered,  nnd  the  same  quantity  of  mercury 
toluUon  added  at  one  time  a«  was  found  necessary  to  produce  the 
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the  phwpbono  acid.  After  oooliug,  au  oxcese  of  caosUc 
added  uod  the  ummooiu  dUtilled  iato  a  titrutod  aoid,  wliich  ids 
tbes  be  retitruted.  After  subtracting  the  qnaatity  of  pre-«xiBtiiis 
ummonm  very  nccurato  resnitfi  lire  obtaineil  for  tbe  ammouiaorig- 
intLtiog  from  tbe  area  (and  perltaiis  from  au  imkuowii  ureid  pr 
in  tbe  urioo). 

KNui'-liCPK  Eli's  hktdod'  is  baaed  on  the  (act  tbataraa' 
■tition  of  Bodlutu  b/pobromite  splits  into  water,  oarboa  dioxidA' 
(which  dissolves  in  the  alkali),  and  nitrogen,  whose  rolome  ii 
measured  (sec  page  459).  Tbis  metliod  is  lets  acunrate  tliu  tbe 
praoediug  oueu,  aad  therefore  in  scientific  work  it  is  discarded.  It 
is  of  Tulue  to  tbe  phjiiiciau  aud  for  pructical  purposes  betsaose  of  tbe 
eu^e  and  rapidity  witti  which  it  ma;  be  performed,  even  thoa^hit 
may  not  give  very  accurate  rcsultB.  For  pniuliual  pur{>o«ies  a  eerie* 
of  difleratit  apparaLua  have  been  constructed  to  facilitate  tbe  use  of 
this  metliod.'  Among  these  KsnA<.ft*s  ureonuter  deeerres  u  b« 
espocialty  meutiouod.  In  regird  to  the  reagents  uecesMi;  for  d» 
determination  of  uroa,  and  uUo  for  instrnctiona  in  the  use  of  tliii 
ingtruniuut.,  wc  mnet  refer  tbe  reader  to  the  diroctionR  acooapiBj* 
iug  the  upparatou.  For  pnre  uroa  Bolntiouj  KsBicii's  apptntu 
gives  quite  ejuct  nsalts.  The  determination  of  urea  in  urine  bj 
this  method  always  gives  rottnlta  Bomewliat  too  low^  and  as  a  rule  a 
result  irt  ohtaiiit'd  which  on  an  avenige  isabout  D.  L;i£  lower  than  tint 
obtained  with  LiBBia*s  titration  method. 

MfmsKft-SjiiyvisT  METiion.'     According  to  this  method 
nitrogenuuH  cousiitucnts  of  the  nrino,  with  the  exception  of  tha 
ureA  and  ammonia,  are  first  precipitated  by  alcohol-other  after  tUj 
adilitinn  of  a  Holntion  of  barium  chloride  and  barium  hyil rate  anil 
then  the  urea  determined  in  the  concentrated  filtrate,  after  drinn; 
off  the  ammonia,  by  Kjbldaul's  nitrogen  ostimation. 

The  procedure  is  03  follows:  Mix  5  c.  c.  of  the  orine  iu  aflHk 
with  5  c.  c.  saturated  IlaCI,  solution,  in  which  6^  barium  \ijin» 
is  dissolved.  Then  add  100  o.  o.  of  a  mixtaro  of  two  parl4  f*7^ 
alcoool  iinJ  1  port  ether  and  allow  this  to  stand  in  the  closed  Btftt 
overnight.  The  precipitate  ie  filtered  oil  and  washed  with  aI»lio^' 
other.     The  aleohol  and  ether  is  removed  from  the  filtrate  bfitis^ 


>  Kaap.  ZeiiBclir.  t.  waaXYt.  Cfaem.,  Bd.  9;  B^taia.  Jour,  t  pnkt.  Clioa-  C^ 
F.),  B>I.  H.     Hef^nlsa  IIupiMtrt-Neulwuer.  10.  Aufl. 
*  S  u  !Iu|ipcrt-.NMibfttier. 
'Sltftiia.  Arcli.  f.  I'lij-Jiiol..  IM.  3. 
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tiHatton  at  about  55°  C.  (not  abore  60°  C).  When  the  liquid  is 
redaued  to  about  "^5  c.  c.  a  little  water  anrl  calcttied  magnesia  are 
added  and  the  erajximtioii  continued  until  the  rupors  are  uo  longer 
alkaline  ia  reaction,  wliioh  gwnerallj  is  forind  before  it  \»  (concen- 
trated to  15-10  c.  c.  Thi«  conoentrated  lii]uid  is  traneferred  into 
a  proper  flask  by  the  aid  of  a  !it(.1e  wuter,  treutod  wicli  a  few  drops  of 
concentrated  snlphnric  acid  ami  furUitir  itoncciiLrated  on  the  water- 
bath.  Now  20  c.  c.  pure  coiicentraLed  sulplinric  add  are  added 
nnd  the  process  carried  out  according  to  Kjp.i.DAnL.  Aucnrding  to 
BoiTKEH  '  the  addition  of  miigneBia  is  nmiecoesarv,  and  it  ia  beet  to 
avoid  it  onlircly  as  it  easily  leads  to  a  small  loss  of  urea.  Thia 
exact  method  ia  to  be  rccomniendcd. 


llub*iBl«  Aeld,  HfN.ClXllL     I'liiH  kc!<)   in  ooiknnwn  in  tlie  frne  ttUlt^,  but 

\j  a.*  aalU.  Aminonium  ntrbaiiiAt^  in  pruduv^  liv  the  acx'vm  dT  Aty  >iuiiio- 
nU  on  dry  carbon  diosid«.  Curbaurc  acid  is  aW  produwd  bv  tbe  uclion  nf 
fiiitAMium  pcnuut^ULRio  on  pruleid  aad  sovorol  other  uitrogeuoiis  urifaoio 
Indtaw. 

W»  have  >lr«ady  Mpgksn  of  ibe  "ceiirrcDco  of  carliBinic  wa\ii  in  buman  and 
anlnial  iirlnm  In  oonnecdnn  widi  tlii^  fornnitinn  oT  nrvB.  Thr  euiclmii  SMit, 
wbicK  U  itolable  in  i«at«r  and  Aititiinnia  liui  itiH.iIublc  in  alcnliiit,  i.i  iiiii'>t  nn- 
piriant  in  th«  detoclioD  of  tbiM  acid.  Tbe  ft'Jiitiuu  of  tUe  calcItDi)  tuili  In  water 
becmnvB  doudyon  ^landiDy,  but  inucli  quicker  on  twiling,  and  calcium  car- 
lionatc  sepHratw. 

Carbiimit  arid  fthyUt^r  (\tf\\\Kn\  tm  nlinwn  lij  JAr-rfe.*  majr  p««B.  b*  th« 
iBUtaal  aolion  of  alcobol  and  ur<  a.  into  iIis  aJcohoUa  axUact  uC  tlifl  urine  wboa 

Iworfciag  with  large  (Quantities  of  urinr. 
Creatinin,  C,H,N,0,  orNH  iCc^...    ,.     ,■,.. ,  ia  generally  con- 
sidered aa  the  anhydride  of  creatin   (see  puj^e  3CI>]  foand  in  the 
luiiaclea.     It  occnra  in  liiiman  urine  and  in  tliut  of  certain  mam- 
iuulia.     It  has  alAO  been  found  in  ox-blood,  milk,  though  in  very 
ftuiitll  amoniitA,  and   in  the  flesh  of  certain  fiiibes.     Accordiu};  to 
•fouxSON'a  creatinin  occun  in  fresh  ox-desh  which  ditfers  from 
thut  occurring  m  untie  and  from  which  the  creatJu  of  the  aiuscles 
HLi  formed  by  bacteriiU  action. 

^B       Tho  qauulity  of  creatinin  id  haman  urine  is  for  a  grown  man, 

^^oiding  a  normal  quantity  of  urine  in  the  ^  bourd,  0.'J-1.3  gnns. 

(Nkl'Baubb'),  or  on  anaverage  1  grm.    The  quantity  independent 

On  the  food,  and  decreases  in  stHrvatiou.     Sucklings  do  not  gen- 

^xmlly  eliounate  any  creatinin,  and  it  only  appears  in  the  ariue  when 

'  Zeltachr.  f.  pliyaiol.  Chetn.,    Jld.  17. 

* /friU  .  Bd.  14. 

■  Prt>c  ICojr.  S'ic..  Vol.  50.     Cited  from  Maly's  Jalinabor..  Bd.  SS. 

*  Iluppcrt-Xeabauer,  H&rn&nalyse,   10.  Aafl.,  8.  887. 


tho  milk  ia  replaced  by  other  food.  The  qiiantity  of  creatinin  iu 
Tttioo  varies  as  a  rule  wIUi  the  quantity  of  urea,  althongh  il  it 
incrottsod  more  by  flcali  (because  tlic  flcah  containHcreatin)  ihsnli)' 
proteid.  Ouocro'  and  Moitessier'  claim  that  the  elimliuttion  of 
creatinin  h  increased  Tiy  mnacalar  actirity.  Tho  behtTior  of 
croatiniii  in  diaeaao  is  litUc  known.  By  increased  inetaboliian  tlie 
amonnt  is  increosod,  wliilo  by  decFoaaed  exchange  of  materia],  u  ia 
amemia  and  cachexia,  it  is  dimini^bed. 

Creatinin  cryaLallizcB  in  colorless,  shining  monoclinic  priimi 
which  differ  from  creatin  cryatala  in  not  becoming  white  with  loa 
of  rater  when  heated  to  100"  <_!.  It  dissolves  in  U..*)  parts  coIJ 
water,  but  more  easily  in  wiirm  water.  It  reqnires  nearly  UJO  parts 
colli  uiisoltite  Hlcohol  for  solution,*  but  it  is  more  soluble  in  vsnn 
alcohol.  It  is  nearly  insoluble  in  ether.  In  alkaline  saliition 
creatinin  is  courerted  into  creatin  very  easily  ou  warming. 

Creatinin  gives  an  easily  solnble  crystalline  combination  rith 
hydrochloric  acid.  A  solution  of  creatinin  acidified  with  mineral 
aetdn  gires  crystalline  precipitates  with  pluispho-lnngsLie  » 
phospbo-molybdic  acids  eren  in  very  dilute  solntions  (1  :  lo,i 
(Kkhxhr,'  ITopmkister').  It  i.i  precipitated,  like  nres,  if' 
mercuric-nitrato  solution.  Among  the  compounds  of  crealiitin. 
tliut  with  zinc  chloride,  creatinin  ziw-':hhruit,  (C,H,X,0),ZuCI,,i« 
of  special  interest.  This  combination  is  obtuiiied  wlieu  a  sulUciei^iij 
concentrnted  solution  of  creatinin  in  alcoliol  is  treated  with  s  t^it* 
oentrated,  faintly  acid  aolntiou  of  zinc  chloride.  Free  mineral  wi")* 
dissolve  the  combination,  hence  they  mnst  not  he  present; 
however,  may  be  prevented,  when  tUey  are  present,  by  an  ad<iit 
of  sodtam  acetate.  In  the  impure  ntate,  as  ordinarily  ohtainc 
from  ariae,  creatinin  zinc  chloride  forma  a  sandy,  yellowish  {lowill 
vhich  under  the  microscope  appears  as  One  needles  forming  cone 
trie  groups,  mostly  complete  rosettes  or  yellow  balls  or  tafU, 
grouped  as  brushes.  On  slowly  cryslallixing,  or  when  very  pur 
more  sharply  defined  prismatic  eryatuls  are  obtained.  This 
binatiou  is  sparingly  solnble  in  water. 

Creatinin  acts  as  a  reducing  agent.     Mereoric  oxide  is 

>  S«e  UiLlj'ii  Jtibrvfbcr.  Bd.  10,  S.  19». 

■  Cotnpk  r«ad.  iwc.  biul..  Turns  43.      CitwJ  from  Malf'a  Jahreaber..  Bi.  SI. 

■  This  matenient  ia  taken  from  Hnppert-NeubKuer's  book.     Hoppe^Seyt 
UfttiHIi..  6   Aufl..  8   114.  glveautber  figurcia. 

*  PBURer's  Arcli..  IW.  3.  S.  220. 

»  ZcilMclir.  f.  [jtiyainl.  Cbem..  Bd.  6. 
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to  iiiQtiUlic  mercury,  aiiil  oxalic  acid  ami  meUiylgiiaiiidiii  (inethyl- 
iiminiii)  uro  fortii<?(l.  ('reHtinln  alflo  reilucei?  CHjpper  tiyilroxiile  in 
ulkaline  solution,  forming  a  colorless  soluble  combinutioii,  aiid  only 
after  continnouH  boiling  with  an  exceaa  of  copper  salt  in  free  sub- 
oxide of  coppBr  formed.  Creatiniu  interferes  with  Trommfk's  te*il 
for  sugar,  purtly  tieoauHe  it  has  a  reducing  action  and  pHrtty  \\y 
reUtining  the  copper  suboxide  in  Bolation.  Tlie  combination  with 
copptir  suboxide  is  not  soluble  in  u  satumted-soda  solution,  and  if  a 
liitlc  croutinin  ia  dissolved  in  u  cold,  sntnrated-soda  snluiinn  and 
then  a  few  drops  of  Feuuku's  reagent  added,  a  white  floomilent 
conibiuation  geparotes  after  heating  to  50-6(1'  C.  aiui  then  cooling 
(v.  Maschke's'  retiutioii).  An  alkuliue  bismuth  solution  (boo 
Sugar  ToBta)  ia  not  reduced  by  creatinin. 

If  wc  add  u  few  drops  of  a  freshly  prepivred  Tory  dilute  Bodium 
nitroprusside  (sp.  gr.  1.00.1)  to  a  diliiiu  creatinin  t<oluliou  (or  to  the 
urine)  and  then  a  few  drops  of  oauBtic  aoda,  a  rtiby^red  liqnid  u 
obtained  whicii  quickly  turns  yellow  again  (Wkyl's'  reaction).  If 
we  wiK  ammonia  instead  of  caiibtic  uuiJa  in  thia  reaction,  the  red 
oolor  is  not  obtained  (differing  from  acetone  aud  diacetic  acid,  Lb 
Nobbl').  If  the  above  Holutiou,  which  haa  hiniome  yellow,  is 
treated  with  an  eicess  of  atx-tic  acid  and  hnatc^d,  the  nolntion 
becomes  Urat  green  and  then  blue  (Salkowski  *);  finally  a  precipi- 
tate of  Pniaelan  blue  \a  obtained.  If  a  solution  of  crt>atiniu  in  water 
(or  uriue)  u  treated  with  a  watery  eolutiou  of  picric  acid  and  a  few 
drops  of  a  dilute  caustic-aoda  solution,  a  red  coloration  lasting 
'several  houra  occurs  immediately  at  the  ordinary  temperature,  and 
which  turno  yellow  on  the  addition  of  acid  (Jaffb's*  reaction). 
Acetone  givea  a  more  reddish  •yellow  color.  Grapo-engar  givea  with 
this  reagent  a  red  coloratioo  only  after  heating. 

In  preparing  creatinin  from  urine  the  creatinin  zinc  chloride  ia 
first  prepared  according  to  Nf.i'BAt'KK*^*  method,  and  thid  metliod 
is  alfto  employed  for  the  i|UHnLitative  tKjtimation  of  creatinin.  In 
making  a  qoantitalivc  catimiition  "400-300  c.  c.  of  uriuc  frc-od  from 
proleid  (by  boiling  with  acid)  aud  from  angar  (hy  femienbition 
with  yeast)  are  measured,  alkalized  with  milk  of  lime,  aud  treated 

<  >:«itw:br.  f.  aital^t.  Ction..  Btl.  17. 

*  Dor.  0.  deulftch.  cIiwd.  (i«SBlluili.,  Bd.  11. 
■  Mat/'H  JBhmlwr..  Btl.  13.  S.  3S8. 

*  ZollKhr.  r   pbystol.  Cb«m..  Bd.  4.  S.  ISt. 

*  {bid..  IM.  10. 

*  Add.  d.  Checu.  u.  PUnn..  Bd.  110. 
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vith  CaCl,  solution  until  all  the  phmphoric  acid  is  precipitated; 
is  filtered  tLDiI  vosbei]  with  water,  the  Ultrat-e  anil  the  wash-wster 
nnitcd,  and  evaporated  to  a  sjrnp  after  acidifjinf^  vlth  acetic  wid. 
Tills  syrup  w  mixed  while  hot  with  50  c.  c.  of  U6-97]t  alcohol 
This  mixture  is  trauiifurred  tu  a  Waker,  and  the  residue  ia  tbe 
ovaporutiug-dieh  Ib  coiiipletoly  and  carefiillv  removed  aud  added. 
The  liqriid  iR  iilluwed  Ui  stiitul  cnveriid  for  at  least  eight  honra  In  tlie 
cold.  Then  ib  is  filtered  through  a  !!n]all  filter,  the  precipitate 
washed  with  alcohol,  the  fUtrat^^  evaporated  if  neccsMur  until  tlte 
Tolnme  is  50-CO  c.  c,  then  allowed  to  cool  and  4  C-  c.  of  an  acJ<l- 
frue  ziuu'ciiloride  solutiou  of  u  speciOc  gravity  of  1.20  is  added;  it 
is  stirred,  aud  the  covered  beaker  is  left  standing  in  a  cool  place  lor 
two  or  three  daya.  The  precipitate  is  collected  on  n  small  dried 
and  weighed  filter,  using  the  filtnitc  to  \ths\\  the  cryntaU  from  tbe 
heaker.  After  allowing  the  cri'stals  to  ccmpletelv  drain  off,  tbe^ 
are  wH«)ied  wilh  a  little  alcohol  until  the  filtrate  gives  no  reactmi 
for  chlorine,  aud  dried  at  lOO**  C.  IW  parta  creatioin  ziuc-chloride 
contain  C'^.44  parlti  creatiniti.  Ak  the  pret^ipitaie  ia  never  qaiu 
pure,  the  qiiitiitity  of  zinc  uinBt  bi;  curefiilly  determined,  in  exact 
experiments,  by  evaporating  with  nitric  acid,  heating,  vaaliing  thf 
oxide  of  zinc  with  water  (to  remove  any  NaCl").  drying,  heating, 
and  weighing.  22.4  parts  zinc  oxide  correspond  to  100  ptrts 
creatiaia  zinc  chloride. 

Tbe  preparation  of  crcatinin  zinc  chloride  on  a  targe  scale  from 
urine  is  done  in  the  same  way.  The  creatinin  is  obtained  from  i\t 
crciitinin  zinc  ehloridc  by  boiling  with  lend  hydroxide,  filterirg, 
decolorizing  the  filtrate  with  ain'inal  charcoal,  evapomtinp,  trwtic; 
the  residue  with  strong  alcohol  [which  leaves  the  creutin  unJif- 
Bolved),  evuporatiug  to  oryiitallizBtiou,  rediseolviug  iu  water,  asd 
recmtulliziug.  i. 

In  roi:ara  to  the  modifications  of  Neibaukk's  method  for  tt* 
quantitative  esviniation  of  creatinin  the  reoiier  its  reftirred  toSAi- 
KowsKi.'      KouHcii '   haa  given   a  new   method   for  esthnatiiu; 
creatinin  in  uriuc  which  consiiiLa  iu  precipitating  the  creatioin  from 
the  alcoholic  extract  by  an  ulcutio)ic  soluuon  of  mercuric  chlond* 
Bciilified  with  »cetic  aciil.     'i'lie  nitrogen  ig  exactly  determined  i** 
the  carefully  washed  precipitate  by  Kjki.daul's  method.    Kousc*'* 
uses  the  following  solution  an  precipitant:  30  parta  mercuric  cbli 
ride,  1  part  sodinm  acetate,  3  drops  glacial  acetic  acid,  and  I2fi 
abeolute  alcohol. 

XsntluKnatlDla,  CMI.uX.O.     Tbi*  body,  whicli  uraj   (Iral  pn|«iml  fru* 
iur4it  extract  hy  Oactikb,'  liw  bsvu  fuuncl  \>y  MosaAi*  ia  doer's  uriB«> 
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>  Zeiteclir.  t.  plijriiol  Cham.,  Bdd.  10  aad  14. 

*  I'witnilbl.  f.  Incera  Urdizin.  1KI5. 

■  Bull.  d«  I'Acad.  d«  mM.  (2),  Tooie  15.  ud  Ball.  d«  Uaoe.  eliim., 

•See  Maly'B  Jahresber.,  Bd.  17.  8.  182. 
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ItoD  of  cnmlinin  into  tbe  nbdouiiial  cavitr,  uit)  In  liuman  urtnc  sfMr 
roveral  hours  of  extiauatioK  iD&rcliea.  Accanliuf^  to  Coi^sAXTt '  It  ocean 
to  ft  roUUvelr  gT«»i<>r  extent  In  llon'ii  urine,  :!tai>tii.\okk'  (Uiii«id«ra  th« 
xuiUiocy«MliDiD,  iaol&tHl  from  linnun  uriac  ftftor  atreouou*  tuuncuUr  luilirltj, 
m  impurv  creittinin. 

Xsotbocrvatiiiiit  forow  >alpbDr-y«(llow  tbln  platM.  Bituilar  to  eboIeetFrin. 
which  have  &  biit«r  taste.  It  diEsoIvee  in  cold  wftter  uid  In  BbM>Lol,  nud  glvoa 
KerTHtalline  couibiontlon  will)  b.vdr<>cbl<)Hc  add  and  adoablu  eompotind  irith 
p)]d  and  platinum  chloride.  It  given  ■  combiDation  with  zinc  fihloridt^.  which 
OTatalliaeit  in  liu«  needlee.     Xanlhocreatinln  liaa  a  jniLiaurius  action. 


Urio  AoW.tTr,  C,H,N,0,.    The«tructaral  formuluof  thUacid, 

\y  £.  VTT  .^f^O,  and   thiB  acid 


wcordiug  to  Mbdiccs.  ie  CO 


/NU.C.NHV    ^ 
MIX.  to 


may  therefore  be  consideref],  from  iu  constitntion  aa  a  deriTative  of 
acrylic  acid,  as  acrylic  acid  dinrcid. 

Uric  acid  baa  been  Rynthptically  prepared  by  Horbaczewski  ' 
in  Heveral  ways.  On  fntiin;:  urea  and  glycocoll,  nrlc  acid  is  formed 
according  to  the  formala  SCOX,!!.  -f  C.FI^'O,  =  C,H,N,0,  + 
811,0  +  3\II„  and  in  this  reaction  hydantoin  and  biuret  aro 
fortu«d  an  iatemiediato  prodacts.  On  meltitig  ruetliylh_yilantoin 
with  urea  or  methyl hy dan toiu  with  biuret  or  with  allophanic-ucid 
auiyl-eater  Uobbaczewski  obtained  Qjethyl-uric  acid.  Uo  also 
obtained  uric  acid  on  heating  trichlor-lactic  acid,  or  istiil  belter 
titcblor-lactic  acid-atnid,  with  an  excesa  of  urea.  If  we  eliniiuute 
from  the  reaction  the  numerous  hy-pro«luct«  (cyaauric  acid,  carbon 
dioxide,  etc.),  then  this  process  may  be  expresseil  by  the  formula 

c,ci,u,o,N  -I-  acox.ii.  =  c.n.N.o.  +  n.o  +  nii.ci  +  'iiici. 

On  strongly  heating  uric  acid  it  decomposes  with  the  formation 

of    CHE.V,    UYDUOCYAiflC    ACID,    CYANUKIC    ACID,    and    AMMONIA. 

On  heating  with  concentrated  hydrochloric  acid  in  sealed  tubes  to 
170°  C.  it  splits  into  oltcocoll,  carbon  uioxii^e,  and  ammo.ma. 
By  the  action  of  oxidizing  agentii  a  splitting  uud  oxidatioti  takes 
place,  and  either  mououreid  or  diureid  id  produced.  IJy  oxidation 
vith  lead  peroxide,  carbox  dioxidb,  oxalic  acid,  chea,  and 
ALLA.NTOIK,  which  latst  is  glyoxyldiureid,  are  produced  (nee  below). 

'  A.rch,  itmU  d«  Biologia,  Tonm  IS. 
*ZsitMhr.  f.  kiln.  .Med.  Kd.  15. 

*  Mooaubsftu  f.  CIivui..  Bdd.  9  and  S.     Sea  also  Behf«nd  asd  Boomb,  Bat. 
i.  dMtaeh.  ehatn.  GoMllaeh..  Bd.  31.  S.  M9. 
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By  oxidation  witli  nitric  acid  iu  the  cold  cbba  and  a  monoareid,! 
tlie  mesoxfily!  urea  or  alloxan,  arc  obtained,  C,1I,N,0, -t- 0 -f 
n,0  -  <\H,N,0.  4- (NIIJ.CO.     On    warming   with   nitric  acid, 
alloxan  yields  cnrbon  dioxide,  and  oxalrl  urea  or  i>araraivic  acid,<| 
O,TI,N,0,.    By  the  addition  of  water  the  parabanic  acid  jintotm  into^ 
OXALCRir  A*'il),  C\IJ,N,0,,  traces  of  which  are  found  in  the 
and  which  «a«ily  eplit  into  oxuHc  acid  and  urea. 

Uric  acid  occurs  most'ahnndaiitly  in  the  nrinc  of  bird«  ui3 
scaly  auiphibiune,  in  which  iininiiils  the  greAter  part  of  the  nitn^ 
of  the  urine  appears  in  this  form.  Trie  acid  occurs  frequently  io 
the  urine  of  camirorous  muinniHlia,  hut  is  souietimes  abwnl;  id 
urine  of  herhivom  it  is  babitnatly  present,  though  only  as  tncei; 
in  Immau  nrinc  it  occurs  iu  greater  hnt  still  auutll  and  Tariable 
amounts.  Traces  of  uric  acid  are  aUo  found  in  several  orgHuo  ntd 
tiaaoeft,  as  in  the  spleen,  tnngs,  heart,  pannrcaa,  liver  (eapecialiy  ittj 
birds),  and  in  the  brain.  It  habitually  occurs  in  the  blood  of  hirdi  I 
-(Mbibsskk').  Traces  have  been  fonnd  in  human  blood  nnJer 
normal  conditions  (Abrles').  t'nder  pathological  ooitditioat  it 
occurs  to  an  incroasod  extent  in  the  blood  in  puenmonit 
{v.  JA.Knnn '),  hut  atao  in  loucamia  and  arthritis.  0ric  acid  alte 
occurs  iu  lurge  quantities  iu  "  chalk-stonen,""'  certain  urimuj 
calculi,  aud  in  giiauo.  It  hiut  also  been  detected  iu  tho  urine  oi 
insects  aud  certain  snails- 

The  amount  of  uric  acid  eliminated  with  the  human  uniw  i> 
aubject  to  considerable  variation,  but  amounts  on  au  arerage  to 
0.7  grui.  during  'ii  hours  on  a  mixed  diet.  The  relatioushiji  of  tM 
uric  acid  to  the  urea  on  a  mixed  diet  is  on  an  average  1  :  5Q-I  :  70-' 
In  new-born  infants  and  in  the  first  days  of  life  the  elimiustioii  at 
uric  acid  isiucrcosed  (MAitEg*),  aud  the  relation  between  tlienn^ 
acid  and  urea  is  about  I  :  13-14.  S.ioqTr3T*  found  the  relatioiuli^ 
iu  new-born  infants  to  be  1  :  6.42-17.1.  | 

•  ZeltBclir.  [.  rat.  tii«d.  (8).  Bd.  31.  Cilod  from  Hoppe-Sorkr's  Pli^viol 
Chrnii..  S.  483. 

'  Wion.  mini.  JabrbDchcr,  IMT.     <'iteA  from  Maly's  Jnhreaber.,  Bl  It- 

•  Uebcr  die  Itliii.  licHeutunf;  dog  VorkommonB  der  UarasSuni,  etc  PiV 
FmtMcLrifl.     Berlin.  ISOO.     8.79. 

•  A  vnry  gwxl  Ulgubu  tiuminiir^  of  the  variatio'n  in  tb«  elimiDBtiua  Ot  V^ 
acid  «nd  lli«  r«laLioi]K>rrp  nf  lotft]  oiiroj^n  to  urlc-acId  aitrug«a  is  tauil  "  '* 
]4onnlL>n'ii  Kelirbucb  der  Patliolojitct  <li;it  St'^nnruchKols,  S.  U. 

•  e«£)  CflalrsUtl.  f.  il.  mod.  WiHwinMb..  18S8.  S.  2. 

•  Nord.  iD«d.  Arklv..  IHM.   No.   10 


VBIC  ACW, 


473 


I 


dii 
ft  thf 

m 


In  regard  to  tlie  action  of  food  we  know  from  the  obaorvotiona 
of  Bankiv,'  Maukh,*  anil  Camkukk*  thut  tlie  eliniiiiatioa  of  uric 
•old  U  ditniaishcd  iti  atarvatioti,  atid  that  it  qnickly  increases  on 
pirtaking  food,  especially  proteid  food.  MareS  found  the  niini- 
mnm  about  labours  after  the  last  meal,  and  a  strong  increase  aboot 
3-5  honrs  after  meat  diet.  This  increa&o  after  a  meal  rich  in  pro- 
teid  lIoKBArzEwsRi '  explains  by  the  digestion  IcHcocytosia  (see 
lielow)  which  habitually  Hp]>ean).  It  is  quite  generally  accepted 
that  the  quantity  of  nne  iu;id  eliminiited  with  vegetable  food  is 
smaller  than  witli  a  meat  diet,  in  wliich  cjk^  the  i|nantity  may  rise 
to  3  grni3.  or  over  per  *^4  hours,* 

The  statements  in  regard  to  the  inflnence  of  other  circnniatances, 
U  also  of  different  bodiea,  on  the  elimination  of  uric  acid  are  rather 
contradictory.  This  ia  in  part  due  to  the  fact  that  the  older  invee- 
tigatora  used  an  inaccnrate  method  (TIkiktzM  method),  and  alM,  as 
shown  especially  by  MaukS  and  SAi.KitwriKi,'  tlut  the  extent  of 
nric-acid  elimination  is  depenilent  in  tlie  first  place  upon  the  indi- 
ridnality.  According  to  SfiioKnoRFF '  the  drinking  of  water,  con- 
trary to  older  statementa,  does  not  have  any  effect  on  the  elimination 
of  uric  acid.  According  to  Clah*  and  Uaiu'  alkalies  increase 
the  eliuiiuatiou  of  uric  acid,  whily  according  to  Salkowski  they 
dimiuiifh,  and  aucording  to  IIkrmakn  '*  they  have  no  intlneuce  on 
theelimiiiatiou.  Uo&iiACZBwsG[aud  Kas^ra"  fuundau  increased 
riininatLon  of  uric  acid  after  the  administration  of  glycerin,  while 

increase  was  observed  after  partukiug  sodium  acrylnle  (Uohbac- 
sewsKi").  Certain  medicines,  siichasquininand  atropin,  diminish, 
while  others,  such  <w  pilocarpin,  increase,  the  elimination  of  nric 
acid.     According  to  IIorbaczrwski"  and  his  pnpilw  tlie  (ir^t  cause 

■  J.  HftDkc,  llcn)>ftchtnn^n  and  V«nuclie  nber  die  Aas.iclieidu&g  der  lUm- 
altir»,  etc.     MQucIwn,  1S&8. 

■iMtrchr  f.  Uiologi*.  IM   39. 

•  Wieo.  SiUunKtber.,  11.1.   100,  Abili.  8.  1891. 

•  la  ri-fT^ri)  to  tLo  sriic-u  of  vKriouH  dk-ttt  ibt-  rvvlur  i!  referred  to  tbe  abov»> 
dtsd  kiitltorn,  and  es|>ecJKli>-  U>  A.  UuruiKua,  At«h.  t.  kJiu.  U<h1.,  Bd.  48. 

•  Vireliojr'B  Areti.,  Bd.  ]|7. 
»  PflOfr*r'»  Arcii..  Bd   4«. 

•  Crfitrmllil.  f.  d.  tDed.  WiMenacll..  1888,  No.  25. 

•  Jonrn«L  of  I'hyaioL,  Vol.  B. 
»Arch.  C.  kiln.  Med..  U<1.4S. 
"  Wien.  SitziimrstliBr..  Bd.  W. 

■*  Mon&uliaftv  f.  Cl)«ui..  Bd.  tO. 
»WleD.  Sltznn^ber. ,  Rd    100. 


474  TBE  VRINE. 

a  dimination  of  tbe  namber  of  leacocytes  in  the  blood,  while  tiu 
last  caase  an  increase  in  the  namber. 

Little  is  known  in  regard  to  the  elimination  of  nric  acid  in  dis- 
ease.    The  nric  acid  introdnced  into  the  organism  of  a  dog  is  in 
great  part,  as  shown  by  Fherichs  and  Wohleh,'  converted  into 
urea,  and  as  area  is  ^so  formed  bj  the  action  of  oxidizing  agents 
on  uric  acid  ontside  of  the  body,  uric  acid  baa  been  often  considered 
as  a  step  towards  the  formation  of  area  in  the  organism.     Snch  • 
view  is  not,  however,  well  founded,  and  the  statement  that  in 
diseases  with  an  incomplete  supply  of  oxygen  and  diminished  oxida- 
tion an  increased  formation  of  uric  acid  is  produced  has  not  been 
proved.     With  regard  to  the  pathological  relations  we  really  only 
know  two  conditions  in  which   the  elimination  of   nric  acid  is 
increased,  namely,  in  fever  and  leucKmia.     In  fevers  the  uric  add 
eliminated  is  increased  after  the  criais,  bat  it  is  undecided  whethw 
tbe  qnantity  is  increased  at  the  height  of  the  fever  as  compared  to 
the  nonnal.*     In  leucaemia  the  elimination  is  increased  absolatelj 
as  well  as  relatively  to  the  urea  (Ranke,'  Salkowski,*  FLErscHiB 
and  Penzoldt,' Stadthagen,'  Sticker,'  Bohland  and  Schdbz,' 
and  others),  and  the  relationship  between  tbe  uric  acid  and  nra 
(total  nitrogen  recalculated  as  urea)  may  be  even  1  :  9,  while  under 
normal  conditions,  according  to  diiferent  investigators,  it  is  1  :  40  to 
66  to  100.    The  elimination  of  uric  acid  may  be  diminished  in  gont 
shortly  before  and  during  the  attack. 

Formation  of  Uric  Acid  in  the  organism.     The  formation  ol 
uric  acid  in  birds  is  increased  by  tbe  administration  of  ammonift- 
salts  (v.  Schroder').     Urea  acts  in  the  same  way  (Meter  anA 
Jakfe"),  wliile  in  the  organism  of  mammalia  nric  acid  is  morec»* 
less  completely  converted   into  urea.     Minkowski  "  observed  i^*^ 
geese   with  extirpated   livers   a  very   significant   decrease  in  tlr-  "^ 
elimination  of  uric  acid,  while   the  elimination  of  ammonia 

■  Annal.  d.  Cliem.  u.  Pliarin.,  Bd.  66. 

*  St*ev.  Noorden,  Leiirbucb  d.  Pathol,  des  BtoilwecluelB,  S.  3ll  andStS. 
»  Bcbmidt'fl  Jalirb..  1859. 

*  Virchow'a  Arcb.,  Bd.  50. 
»  Arcb.  f.  klin.  Med..  Bd.  26. 

*  Vircbow'B  Arcb.,  Bd.  109. 
'  ZetlBchr.  f.  klJD.  Med..  Bd.  14. 
'  PflQger'B  Arcb..  Bd.  47. 

*  Zcitscbr.  f.  pb^aioi.  Cbem.,  Bd.  S. 
■°  iivT.  d.  deutscb.  Cbem.  Uesellsch.,  Bd.  10 
"  Arcb.  f.  exp.  Piitb.  u.  Fbarm.,  Bd.  21. 
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increased  to  &  {iorreHporulirigdegree.  This  indioates  a  participatioa 
of  aniuioaia  in  the  formation  of  uric  acid  in  tlie  or^unitini  of  birds; 
and  a&  Minkowski  Iulm  also  foniid  after  the  extii-putinn  of  tlic  liver 
that  ooiigiderublo  amounts  of  lactic  auid  occur  in  ttie  urine,  it  is 
probalite  that  the  nric  acid  in  birds  is  prodiioed  in  the  liver,  perhaps 
from  tactio  acid  and  amntonia  by  Rvntlic^iH.  Anudo-acidfi — lettcin, 
glvcocull,  and  asparlic  acid — incr&ase  the  elimination  of  ario  acid  in 
binU  (v.  Kn'IRRIEH'],  but  wiiBther  the  amido-acids  are  fir^t 
decomposed  with  the  splitting  oiT  of  ammonia  is  atill  nnknown. 
We  have  no  basis  for  the  statement  ots  to  the  formation  of  uric 
acid  from  ammonium  aalts  in  the  hnmau  and  mamniuiian  liver. 
V.  MArii*lias  shown  that  a  Hmall  part  of  the  nric  acid  in  birds 
originatct)  from  hypoxonLhin,  and  a  similar  origin  for  the  nric  acid 
of  mammalia  is  also  very  pn>bab]o  (Minkowski). 

The  lanthin  bases,  aa  atatod  in  Chapter  V,  originate  from  the 
nncleins,  and  Huuuaczewski  *  givoB  the  eamo  origin  for  uric 
acid.  According  to  this  invcetigator  uric  acid  is  not  derived 
from  the  niicloin  with  the  .tttotliin  baaes  as  intormodiate  steps, 
but  uric  acid  or  lantbin  hoaos  originate  rather  from  the  same 
mother-subiitance,  the  nucleia  substances,  according  to  circum- 
stances. 

Uric  acid  ia  formed  when  a  cleavage  precedes  an  oxidation,  and 
xantbin  basea,  on  the  contrary,  by  cleavage  without  oxidntioii. 
Several  circumstanceit  speak  for  thia  origin  of  nric  acid  in  the 
organism.  ITonnAC/HW.sKi  has  prepared  uric  acid  from  tijuines  rich 
in  nnclein,  snch  m  the  spleen-polp,  and  from  spleen  niiclein  by 
alight  putrefaction,  snbaeqneut  oxidation  with  blood,  and  then 
cleavage  by  boiling.  If  the  oxidation  was  neglected,  ho  obtained  an 
equivalent  <{iiautity  of  xanthiu  bases.  The  nuclein  prepared  from 
the  spleen-pulp  wheu  introduced  into  the  animal  body  causes  an 
increatie  in  the  elimination  Of  nric  acid,  which  Honn.iczEwgKi  con- 
siders is  not  due  to  a  direct  trantifonnation  of  the  nuclein. 
According  to  him  it  may  be  duo  indirectly  to  the  leitcocytosis  pro- 
duced bj  the  nuclein.  According  to  UoitB.^cZEWSKr  the  uric  acid 
origiaatee  chiefly  from  the  nuclein  of  the  destroye<.l  leucocytes,  and 
the  greater  the  onmber  of  leucocytes  in  the  blood  the  greater  in 
the  deatractiou  of  the  same,  and  lieuce  the  elinuaatioD  of  uric  acid 

>  Zwitscbr.  f.  Binln^e,  B<).  13. 

»  Areb.  f.  eip.  P»tli.  u.  I'hunn..  IW.  84. 

*WieD  Siuun«8l>M..  BJ.  IW. 
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U  coiTDspODdingly  incrcwised.  Obserratioiu  on  the  elimiiiatiw  i 
nric  acid  etand  in  good  nccord  witli  thia  theor>-.  Thus,  for  eiauiple, 
new-born  children  eliminate  more  uric  acid  than  adnlis  because  o( 
llic  lencocytoaia  going  on.  The  increase  in  the  eliminntiou  of  uric 
acid  after  food  rich  in  protcid  is  explained  by  the  leaoocrtosis,  m 
alio  the  abnndant  formntion  of  oric  acid,  after  animal  aa  compared 
with  vegetable  food.  Lencasmift,  in  which  the  elimination  of  Drit 
acid  is  greatly  increased,  is  characterized  by  an  abnonnallj  giW 
number  of  kucocytee  in  the  blood.  Snch  medicamcnta,  which 
increase  the  luimber  of  leacocytes,  also  increase  in  general'  the 
elimination  of  nric  acid. 

It  seomg  positively  proven  that  a  certain  relationship  ei 
between  Ibe  elimination  of  uric  acid  and  the  quantity  of  lencocj 
ia  Cbe  blood,  and  rioitiiAtrzKWSKfs  Tiew  that  the  nric  acid  i«> 
prodnct  of  the  destrnction  of  the  lenoocytes  is  very  aoceptalJc. 
The  positive  proof  thai  uric  acid  actnally  originates  in  the  lleft^^ 
tion  of  the  leucocyte!)  and  not  in  some  other  way,  in  their  refonu- 
tion  or  ns  a  metabolic  product,  Inut,  ba  stated  by  MaiikS/  not  b<«B 
given. 

We  cannot  Bay  anything  positive  in  regard  to  the  orgao  or 
jrgans  in  which  nric  acid  is  formed. 

After  the  extirpation  of  the  kidneys  of  snal(e«  (Zai.bskt*)>iuI 
'jirds  (t.  i^cilKoDi^R'J  an  a<:numnlation  of  uric  acid  in  the  blood ini) 
tisaueB  han  been  observed.  Tliis  .thcwfi  that  the  kidneys  of  tlic* 
animals  are  not  the  only  organ  producing  uric  acid,  and  uny  diteri 
proof  of  the  formation  of  this  acid  in  the  kidneys  has  not  to  tht 
prenent  time  been  demonstrated.  A  direct  relationship  between  ibc 
flpteen  and  the  formation  of  uric  acid,  also  in  man,  ban  been  soa|U 
by  several  iuves  tigs  tors.  According  to  the  JUTeetigaUoii*  of 
Il0KUAC7,t:wiiiKi  this  relationsbip  seems  to  be  of  an  indirect  ktuiLv 
it  probably  stands  in  close  connection,  with  the  importance  of  (^i' 
spleen  to  the  formtiLiuu  of  tlie  leucocytes.  If  uric  acid  is  deriTcd  m 
man  and  mammals  cbietly  from  nuclein,  then  we  must  look  for  lU 
fonnatioD  where  a  destruction  of  tisanes  containing  nnctetn  Ulc* 
place,  although,  according  to  UoRBAczEwsKr,  it  originatei  Int'** 

'  Ho^btlC2.L'\r^ki,  I.  c. 

*  Wlea  SiizuDgtiber..  Bd.  101,    Ablli.  8.  »od  "  Zar  Tliwrie  der  Hsni*>l*' 
hildung  Im  SflugfrlliirrfirjfftalKinua,"     Pra(^,  !»92. 

>  Cit«»l  fmm  Harmuiu'ii  llandb. .  Bd.  5,  Tb).  1,  8.  SfC. 

*\>M  Brjix-KrvuiuHd's  Arch.,  18fiO.  Hu|>|il.    Bd.,   Mid  Ludwig'i  Fte«l>^'''] 
1887. 
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first  placo  in  the  destruction  of  the  leuoocytes.  We  have  no  posi- 
tivu  batits  Cor  tlic  Btatemeiit  tlint  uric  a^'nX  is  formed  in  the  livor  of 
uinu  and  mammals,  but  the  formntJou  of  uric  acid  in  the  liver  of 
binls  is  shown  to  be  highly  proliahle  bj  the  researches  of  Mek- 

KOWSKI. 

Proptrtiea  and  Reactions  of  I'ric  Acid.  Pure  uric  aoid  is  a 
white,  otiortettd,  itni]  tasteless  powder  consisting  of  very  small  rhom- 
bical  prisms  or  piaieR.  Impure  uric  acid  is  easily  obtiuned  as  some- 
what larger,  colored  crvfitalH. 

In  quick  crystalliBation,  small,  apparently  colorless,  thin,  four- 
sided  rhombic  prisms  are  formed,  which  can  only  he  H!en  Iiy  the  aid 
of  tbo  microscope,  and  these  sometimes  appear  as  spools  because  of 
the  rounding  of  their  obtuse  angles.  The  plates  are  sometimes  sii- 
aided,  irregularly  developed ;  in  other  oases  they  are  rectangular 
with  partly  straight  and  partly  jagged  sides;  and  in  other  cases  they 
ahow  still  more  irregnlar  forms,  the  so-called  dnmb-belU,  etc.  In 
slow  crystallization,  m  when  the  urine  deposits  a  sediment  or  when 
Irnated  with  acid,  large,  always  colored  crysttils  separate.  Kiamined 
with  the  microscope  these  crystals  appear  always  yellow  or  yellowish 
brown  in  color.  The  moat  ordinary  form  is  the  whetstone  shnpe 
formed  by  the  rounding  olT  of  the  obtaae  angles  of  the  rliombic 
plftle.  The  whetstone*  are  genemlty  connected  together,  two  or 
more  crossing  each  other.  Ueiiides  tliese  f<irm«,  rosettes  of  prismatic 
crysiiiU,  irregular  crosses,  brown-colored  rough  maase«  of  destroyed 
Deedles  ami  prisms  occur,  also  other  forms. 

Uric  acid  is  niBohibU-  in  alcnitol  and  ether;  it  is  rather  easily 
soluble  in  boiling  glycenu,  very  dlfllciiltly  solablo  in  cold  water 
(14,OO0-I5,W0  parts),  and  difficultly  soluble  in  boiling  water  {in 
1800-1900  parts).  It  is  soluble  in  a  warm  solntion  of  sodium 
diphosphate,  and  in  the  presence  of  au  excess  of  uric  acid  mono- 
ohosphate  and  acid  urate  are  produced.  Sodium  phosphate  is  con- 
sidered as  a  solvent  for  the  uric  acid  in  the  nriue.  According  to 
RcuKL.'  nrea  is  an  important  solvent.  1000  c.  c.  of  a  'i$  urea 
solution  can  bold  on  an  average  0.5^9  grm.  uric  acid  in  solntion, 
and  us  the  daily  quautity  of  urine  is  ISOO-'^OOO  c.  c,  and  this  con- 
tuiDs  "if  area,  it  is  possible  for  the  area  alone  to  hold  nearly  all  uf 
the  nric  acid  eliminated  in  solution.  Piperazin  (dietbylendiamin), 
C.H..N,,  is  also  a  good  solvent  for  uric  acid.     Uric  aoid  ditisolves 


■  Anh.  f.  6xi>.'PsUi.  u.  Plisnn..  M.  ZO. 
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witbont  dcoompoeing  id  conceotrated  stitphuric  ucid.  It  is  com- 
pletely prooiiiiiat4)il  from  the  urine  by  picric  acid  (JiFrfi'). 

Uric  acid  \s  dibasic  and  corrospondingly  forma  two  acrioe  of 
adu,  nentral  and  acid.     According  to  Bhncji  Junes*  hyperacid 

Baits,  QUADKiiiBATBH,  With  the  gonerol  formula  (MIIU  +  H,U)  also 
occur. 

Of  the  alkali  urates  the  neutral  potaaeium  and  Hthiam  sails  dis- 
solve motit  e-uily,  and  the  atnniotiiuni  salt  dtasolvee  with  diRicnlty. 
The  acid-iUkali  tirateR  arc  very  insohihle,  and  separate  as  a  sediment 
{aedimmtam  lalerilium)  from  concentrated  urine  on  cooling.  The 
sails  witli  alkaline  eartbs  are  very  insoluble. 

]f  a  little  uric  acid  in  substance  is  treated  on  a  porcelain  dish 
with  a  few  drops  of  nitric  acid,  tbe  nric  acid  dissolTen  on  warming 
with  a  strong  development  of  gas,  and  after  thoroughly  drying  on 
the  water-bjitli  a  heuutiful  red  residue  is  ol)tniri(>d,  which  turns  a 
pnrple-red  (snimoniuin  parpnrato  or  murexide)  on  the  uddition  of 
a  lictlo  ammonia.  If,  instead  of  the  ammonia,  wa  add  a  little 
eaaslic  soda  (after  cooling),  the  color  becomes  more  blue  or  blaish 
riolet.  TLiifi  color  disappears  qnlckly  on.  warming,  differing  from 
certain  xantliin  bodies.  Thia  reaction  is  called  the  murextde 
test. 

It  uric  acid  is  converted  into  alloxan  by  the  careful  action  of 
nitric  acid  and  the  exceus  of  acid  caret  jUy  expelled  on  treating  this 
with  a  few  dropx  concentrated  sulphuric  acid  and  commercial  benzol 
(containing  thiophen),  a  beautiful  blue  coloration  is  obtiiined 
(Denioes'*  reaction). 

Uric  acid  does  not  reduce  an  alkaline  solution  of  bismuth,  hnt 
does,  on  the  contrary,  an  alkaline  copper-hydroxide  solution.  In 
the  presence  of  only  a  little  copper  salt  we  obtnin  n  white  precipitate 
coiiftisting  of  copiwr  unite.  In  Uie  presence  ot  more  copper  salt  red 
suhoxide  scpanites.  The  method  for  the  voUimelHc  tstiiraliun  of 
uric  acid  as  suggested  by  ArthaI'd  and  Ki'TTK,'  as  well  as  the 
metliod  suggested  by  KkCoeb  and  Wclff/  Is  based  on  the  insola- 
'bility  of  cupper  urate. 

■  Z«it»cbr.  f.  pliviOol.  CheiD..  B<l.  10. 
1  Jouni.  Cbsm.  Soa,  1643.  vol,  xr..  p.  8. 

'  JiHirnsl  dfl  PbariD,  et  <1b  Ctum.,  Tucne  18.     Cited  from  Usl;'s  JslirMber.. 
Bd.  16.  a  iA. 

*  Ontrtpt.  rand,  aoc  blol..  Tome  41.     Ciud  from  MaI^'b  Jabreslwr.,  Bd,  SO, 

e.  180 

*  Zviucbr.  f.  physio).  Cbvm..  lid.  30. 
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It  a  drop  of  nrioooid  disdolved  in  flodhim  carbonate  u  placed  on 
a  piece  of  flltor-pnpcr  whicb  has  beea  previously  treated  with  HJlver- 
aitrato  solution,  a  reducUoD  of  eilrer  oxide  occurs  prodaciog  a 
browiiish-black  or,  in  the  piesence  of  only  0.002  miUigmmnie  urio 
acid,  a  yellow  gpot  (Si-iiiki''s  '  test). 

Preparation  of  Uric  Acid  from  Urine,  Filtered  normal  oriiia 
ii  treated  with  ^0-30  c.  c.  of  "£5^  hydrochloric  acid  for  encli  litre  of 
iiritie.  After  forty-ciKht  hours  collect  the  cryataU  and  piirifv  thom 
by  redifwolvini;  in  dilute  alkali,  ile<'olorixi?ii,'  witli  unimul  cWrcoal 
and  reprecipiluting  witb  hydrochloric  acid.  Largo  quanlitJea  of 
urin  acid  are  easily  obLtined  from  the  excrements  of  wrpeDUi  by 
boiling  them  with  dilute  caustic  jwtoeh  until  no  more  ammonia  ia 
developeJ.  A  current  of  carbon  dioxide  ia  pHsaed  through  the 
filtrate  until  it  barely  haa  an  alkaline  reaction;  diaaolvcthe  Gepdiratod 
and  waiihed  acid  pntuiwium  urate  in  caustic  potash,  and  precipitate 
the  uric  acid  by  addition  of  an  exceaa  of  hydrochloric  acid  to  the 
nitrate. 

Quantitative  Estimation  of  Uric  Acid  in  the  nriue.  Aa  the 
older  method  oa  auggested  by  IIeintz,  even  after  rec'cnt  modifica- 
tions, gives  tnacouratH  rusults,  wo  will  not  give  it  in  detail. 

SALUunsKi*  and  Lldwki'h'  nietliwl  consists  iu  precipitating 
by  fliker  nitrate  the  urio  aoid  from  the  nrino  previously  treated 
with  magnesia<mixture,  and  weighing  the  uric  acid  obtained  from 
the  ailrer  precipitate.  Uric-acid  det«rmi nations  by  this  method 
are  often  performed  according  to  the  auggo^tiou  of  K.  Lunwiu, 
which  requires  the  following  solutions: 

I.  An  AMMOifiAr^i.  Kn.vER-NiTBATE  Mlatioo.  vliidi  piintAlnit  In  nno  liir« 
26^niiiL  ^i)vl•^  nitrate  ■nil  ■  4)iianlity  of  ■tnuinDJa  sufBcieiit  to  LumpltiLKiT  ri»> 
disaoive  tbc  |'rp«tpiiKte  pnxliiCHl  bv  ti»*  firxt  addition  or  «iiinoiiia.  %.  ^'Iao- 
NB.-4IA  HIXTUKS.  Ditwcilvt'  lO(>  gXTR*.  cryntvllixttl  uiKgiifHluiii  cblurlde  in  waier 
nud  ftdd  fiinugli  nniiimtii&  iin  l1i«1  tlift  llftnid  Hmella  xtmngljr  of  il,  and 
rtinugh  aiuitiottiiiin  cliliiridc  to  dit>Bi>lv«  tlitt  i>rt!cipilat«  •nd  dilut«  to  t  litre, 
K.  SiiiiiiTH-eDLi'HiDK  60[,UTtuK.  Dltwolvff  10  tfnus.  cftutllc  scMla  wbicli  is 
fn-i-  from  nitric.  mwA  uid  nitrous  acid  in  1  litre  ot  ««t«r.  Ob«  K&ir  nf  this 
Miluti "h  Iji  coitirilpurl}'  Mturu«-d  witb  sol pli untied  Ljdrogen  uid  Ibtm  luued 
with  the  utli«r  naif. 

The  concentration  of  the  throe  aotntions  ia  ao  arranged  that  10 
c.  c.  of  each  is  snflinient  for  100  c.  c.  of  the  urine. 

100-200  c.  c,  aucf^rding  to  concentration,  of  tlie  filtered  orioe 
freed  from  proteid  (by  boiling  afivr  the  addition  ot  a  few  drops  of 
acetic  acid)  are  poured  into  a  beaker.  In  another  vessel  mix  10-20 
0.  c.  of  the  ailver  solution  with  I0-'.!0  c.  c.  of  tlio  magneaiu  mixture 
and  add  ammonia,  and  when  neoeaaary  also  some  ammonium 
chloride,  nntil  the  mixture  ia  clear.     This  aolatioa  ia  added  to  the 

•  AnnKl.  d   Ch«m.  u.  Plianu..  Bd.  109. 

*  Virchow'K  Anih.,  Hd  AS,  and  PflQger'a  ArxJi.,  Bd.  S, 

■  Wmd.  toed.  Jahib.,  1864,  aad  Z«tUKltr.  t.  uuljrt.  Cfa«in.,  Bd.  31 
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nriDe  while  etirritig,  sud  tlic  mixture  allowed  to  stand  vpakOcfhir 
h&lf  an  hoar.  The  pre<^ipitate  is  fAltected  on  a  tllter,  waahed  with 
ammoniacal  water,  and  then  retnrn«d  to  the  same  beaker  h;  the  aid 
of  a  glass  rod  and  a  spirt-bottle,  without  deatroTiogtlie  filter.  Kow 
heat  to  boiling  10-20  c.  c  of  the  alkali -enlpbide  solation,  which 
hn»  previoaely  been  diluted  with  an  eqnal  Tolnme  of  water,  and 
allow  thiH  Bolntion  to  flow  throngh  the  above  tilt«r  into  the  beaker 
containing  the  silver  precipitate,  wash  with  boiling  water,  and  warm 
the  contents  of  the  beaker  on  a  water-btilh  for  a  time,  stirring  con- 
utautly.  After  cooling  filter  into  a  porcelain  ditsh,  wash  with  boil- 
ing water,  acidify  the  tiltratu  with  hydrocblorio  acid,  evapormtu  to 
alMtit  15c.  c.,add  a  few  drops  more  of  hydrochloric  acid,  and  allow 
it  to  stand  for  3-(  hours.  The  nric  acid  which  haa  cryiitallixed  is 
collected  on  a  Binall  weighed  filter,  washed  with  water,  atcohcd, 
ether,  and  carbon  disolphide,  dried  at  100-110'  C.  and  wejgbed. 
Forcach  10  c.  c.  of  watery  filtrate  we  mnst  odd  0.00048  gnn.  nric 
acid  to  the  quantity  found  directly.  Instead  of  the  weighed  filter- 
paper  a  glass  tube  filled  with  glass-wool  an  descrilwd  in  other  hand- 
oook*  may  be  substituted  (Lcowk;).  Too  strong  or  continooua 
heating  with  the  alkali  Bnlphide  must  be  prevented,  otherwiiic  a 
part  of  the  uric  acid  may  be  decompoeed.  Gkovb  '  reconnnenda  a 
•olution  of  potawinm  iodide  iupteaJd  of  the  alkali  sulphide,  thne 
qjakiugtbe  washing  with  carbon  disulphideaDneceasary..  Cj^veber' 
has  modified  this  methofl  in  curtain  points,  and  he  dctenninea  the 
nitrogen  in  the  silver  precipitate  (a-nric  acid  =  nric  acid  contami- 
nated with  xHuthin  bodies)  and  also  the  uric  aoid  isolated  by  Sal- 
KowgKl-LriiW[(i's  methoil  (=  h-nric  acid). 

UAYCBiFT's  ilETHOD.'  'lb  c.  c.  of  the  nrine  are  first  treated 
with  1  gmi.  biciirbonate,  then  mude  etiougly  alkaline  by  ammonia, 
and  liutly  precipitated  by  an  ainmoniiical  sitrer  solution.  The 
carefully  washetl  precipitate  it!  diawlved  in  'JO-34K  nitric  ucid  and 

this  solution  titmted  with  a  t^  sulpbocyatiide  solution  according 

to  Voldard's  method.  Each  c.  e.  of  this  solution  corresponds  to 
0.00164  grm.  uric  acid.  Tbia  method  has  been  modified  iu  certain 
pdnia  by  Hkrhaxx  *  and  Czapek,*  which  last  titrutee  with  alkali 
sulphide  the  silrer  ^Its  remaining  in  solution  in  the  nrine  after  the 
precipitation  of  the  arte  acid  by  a  known  volunie  of  nmmoniacal 
silver  solution  of  known  strength.  The  advantage  of  HATcBArr'a 
method  is  the  etise  and  rapidity  with  which  it  can  be  performed, 
mod  it  u  therefore  rvcomniended  for  clinical  porpoeea.     For  exact 

■  Jonra.  or  Pbrstnl,,  Bd.  IS. 

*  ZvttHhr  f.  Bii>)oir«.  Bdd  S7  «.  M. 
■Z«ilKlir.  r  uiaht  C'hwi..  Bd.  35. 
«2  iucbr.  f    p).y^L  Cben.,  Bd.  tS. 

•  Ibid  ,  Hd  la,  S  MO. 
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linatioDR  it  is  not  quite  reliable,  be^'^iise  the  umoDnt  of  silver 
in  the  precipitato  of  silver  ttrale  \»  uot  constant  (SM.KonsKi '). 
H-WrnAlT's  method  gives  the  aanio  nwulta  bb  SAi,KuW8Ki-LuD- 
wur's  niotliod  in  pure  iiric-aci<l  solntions.  With  the  nrine 
Uaycraft's  metlioil  gives  on  the  coutniry  t<iO  liigli  reenlta,  whirh 
is  in  pure  due  to  the  fuel  tliat  the  eilver  solatiou  precijiitJituti  from 
ttio  nrinc  other  bodies,  sacb  oa  xanthin  bosee,  beeidea  the  nric  ucid. 
Since  the  Tulne  of  this  metbml  lias  been  the  eabject  of  much 
odverae  oriticisni,  we  will  not  give  further  particnlars." 

In  regard  to  Fokkrr'r'  method  we  refer  the  reader  to  moro 
exhaustive  text-books. 

Hui>uiNii's'  method  is  baaed  on  the  fact  that  the  uric  acid  is 
uoiiipU'tely  precipitated  from  the  urine  as  ammonium  urate  on 
aainratiiig  with  ainnioniTirn  chloride.  The  urine  is  Kitnrated  with 
ammonium  chloride  (for  ench  100  c.  c.  urine  add  30  grma. 
anmioninni  chloride)  and  filter  after  two  honrs.  Watib  with  a 
saturated  solution  of  ammonium  chloride,  and  IniuBfer  the  precipi- 
tate frum  filter  to  a  email  beaker  by  means  of  boiling  water,  and 
deoonipoHC  it  with  hydrochloric  acid  and  heat.  The  uric  acid  which 
aeparetes  is  determined  by  weighing  it  as  suohf  or  by  titration  with 
potoaaium  porniiitiganatn.  This  simple  method  gives  as  good  roeiills 
Bs,  SAl.KowsK[-Lt'nw[ll^s  method.  KnOurn  and  Wi'i.Fr's  method 
will  be  treated  of  in  connection  with  .xanthin  bases  in  the  urine. 

OXAr.TTRtc  Acio,  C,II,N,U.  =  {CONiH«>  OO.aXHI.  This  Kcid.  wbo•^  ivU 
tinn  lo  uric  itriil  itn<)  urra  Iimm  bt^rn  «)K>krit  iif  abovs:,  arcurx  nrtXy  m»  Irmcrtt  \a 
tlie  urIiiQ  Hit  uuiruo Ilium  valu.  Ttirn  kuU  iti  n"l  direcity  pie(.-I|>iui«d  l>y  CK<'lt 
aiut  NHt .  bill  nfier  lK>iliri^.  whfii  it  i^  ili^mtipnard  intA  urva  and  ntalaii'.  la 
pn-pitriug  uxaluric  avid  fitim  urtoe  the  lailiT  ia  GlUirad  (lirout;b  auimal  ebar* 
ooal.  Tueoialurato  retuaed  by  ibo  obanxaU  uajr  b«  obtKinvd  by  boUiug  with 
alcohol. 


Oxalio  Acid,   C.H.O^   or 


COOU 


oconn  nnder  physiologiual 


COOU* 

couditionti  in  very  Kmall  amounts  in  the  urine,  about  0.02  gnu.  iti 
2-1  honni  (FCRBluKr.Ra*).  Acirording  to  the  genenilly  accfplcd 
view  it  exists  in  the  urine  as  calcium  oxalate,  which  is  kept  in  solu- 


'  I^QQ^r'a  Areb..  Bd.  B;  also  f^alskowslcl  and  Jolln.  Z«itschr  t.  pltraiol. 
Chem.,  U.I.  14, 

*  Id  rvK<^rd  tit  tliu  litorstun  oo  this  Knlijeel  mm  HuptM>rl-Nevt4ni>r'a  tlam- 
aoaI;w.  6w  also  Liaowski,  Maly's  Jalirpsber.,  Bd.  30:  tturuidf!.  it,Lt..  Bd.  21. 
8.  I~3.arar«a.  1   t-..  and  Haycrah,  Zeitaclir.  f.  pliyHluL  (:ii<n)i..  Kl    in, 

*  PflBpr-B  Arol...  IW.  10.' 

*  Journal  of  I'ntbolo^  and  Bacteriology,  1698,  and  ProCMdUiga  of  Royal 
Boci«tx,  Vol.  fi2. 

»  DoutMb.  Arch.  t.  klin.  U«d.,  Bd.  18. 
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tion  bjr  the  acid  phofiphates  prosonL     Calciam  oxAl&te  is  t 
cotuititucnt  of  nriiiurj  ^udunoDts,  and  occDnt  also  in  neruii)  ni^n!^ 

The  origin  of  the  oxalic  acid  in  the  nrine  is  not  well  kbovn. 
Oxalic  acid  when  admioistcTcd  is  eliminated,  at  lea«t  in  part,  b; 
thb  iiriiic  unchanged,  and  as  many  vegetables  and  fruits,  sucb  « 
cubbago,  spinach,  oaparagns,  sottoI,  applca,  grapes,  etc,  contain 
oxalic  acid,  it  is  possible  that  a  part  of  tbe  oxalic  acid  of  the  nriiie 
originates  directly  from  the  food.     According  to  Abelfj*  '  this  it 
not  tbo  cose.     According  to  liim  an  alimentary oxolaria,  tliat  \m,xi 
elimination  of  oxalic  acid  caused  by  partaking  of  the  ordinary  foodi 
containing  oxalic  acid,  does  not  exist,  and  the  solnble  oxalates  of  (ki_ 
food  are  iu  all  probability  converted  into  insoluble  lime-salts  in 
digVHtiTe  tract.    That  oxalic  acid  may  be  formed  in  the  animal 
from  proteid  or  fat  follows  from  tbe  obMrvations  of  Mills' 
oxalic  acid  is  fonnd  in  the  urine  of  dogs  after  feeding  with  meat 
und  fat  alone.     Oxalic  acid  h  also  siip]>osed  to  be  derived  by  Xhe 
incomplete  combustion  of  carbohydrates,  and  is  also  cotifiidered,  M 
cot  with  snfftcient  basis,  an  an  oxidation  product  of  uric  acid. 

An  increased  elimination  of  oxalic  acid  may  occur  iu  diabcWL' 
The  question  wheth^'r  it  occurs  m  au  independent  diwaae  {oxahu 
vialic-acid  di&thesie)  has  not  been  poeitivoly  decided. 

The  propertiee  and  reactiona  of  oxalic  acid  aud  culcinni  oxl 
are  well  known.     Calciiim  oxalate  as  a  coiislitueut  uf  urioanr  wdi . 
meots  will  be  described  later. 

Ihtfctioji  and  i^utmtitn/ive  KMimfUion  nf  Ornlic  Acid  in  Irint. 
The  presence  of  oxalic  acid  in  eoitition  in  urine  is  determtn«l 
according  to  tbe  method  anggestcd  by  Neitbauer,"  who  Irwli^ 
50U-tJ00  c.  c.  of  the  urine  with  CuCl,  Boltitiou,  makes  alkaline  wilJi 
ammonia  and  then  faintly  aaid  witli  acetic  acid.  After  'ii  boon 
the  precipitate  is  colEocted  on  a  smidl  tilter,  washed  with  mueft 
treated  with  hydrochloric  acid  (which  leaves  tbe  nric  acid  nniii** 
solved  on  the  (iUcr),  and  wa^shed  again  with  water.  The  filtnie* 
including  the  wii«b-wat<»r,  ie  treated  with  an  exceiB  of  ammoni**"^ 
allowed  to  stand  "ZA  honni.  Calcium  oxalate  separatee  as  quailrt'ic 
octahedra.  '['he  quantitative  estimation  io  performed  after  the  W^ 
principle.  The  oxalate  ih  ci^iiverted  into  quicklime  by  beat,*^ 
weighed  as  such. 

'  Wipn,  klin.  WiwIntDBoUr. ,  189S. 

»  VirclioH-'H  Arflti..  Bil,  Bl. 

*  ZniVsolir.  f.  aautyl.  Cii«ia.,  Bd.  8,  8.  BSL 
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Allantoin  or  oltoxtldiibbid,  C.H.N^O,  or 

Oc  .,„  ,i/,  \  occurs  in  tiie  urine  of  chilureD  withio 

\^  Ji .  Hi 

c  first  eight  days  after  birth,  antl  in  very  small  nmonnta  niso  in 

the  nrine  of  wliiltfl  {(JissKROw,'  Zib<ii.er  ami  Hekmann').  It  is 
toand  in  rather  ubundurit  quantities  in  the  urine  of  pregnant 
women  (Gussrkow).  Allantoiti  has  also  been  fonnd  in  the  nrino 
of  sacking  ralvoa  (WOnLBit '),  and  sotiietiniea  in  tVie  urine  of  nther 
^Dimala  (MF.issNBit ').  k  is  also  foimd  in  the  amniotic  i\\\\i[  anil, 
pi  Grat  shown  by  Vaitqublin  '  and  Lassaionb,*  in  the  alluntoio 
fltiid  of  the  cow  (himue  the  nnme).  Allantoin  is  formed,  as  above 
stated,  by  the  oxidation  of  aric  acid.  The  increased  elimiuatiou  of 
allantoin  which  Salkowski  '  observed  in  dogs  after  tbeaclniintRtra- 
tion  of  uric  acid  showA  that  the  formtition  of  allantoin  from  nric 
id  in  the  organism  is  not  irapmhahle.  Itttiti.-iSfitv  *  1ins  observed 
abnndant  eliniination  of  olluntoin  in  dogs  after  poiaoning  with 
jamid. 

Allantoin  i.s  a  colorloat)  anbst&ncc  often  crystolliinng  in  priamB, 

ifficnttly  soluble  in  cold  water,  easily  solnbto  in  boiling  water  and 

also  in  warm  alcohol,  but  not  soluble  in  cold  alcohol  or  etht^r.     It 

combines  with  acids,  forming  salts.     A  watery  allantoin  solution 

terca  no  precipitate  with  silver  nitrate  alone,  but  by  the  carofnl 

addition   of  ammonia  a  white   flocculent   precipitate   ia   formed, 

C^II.AgX.O,,  which  is  soluble  in  an  cxecaa  of  ammonia  and  which 

consists  after  a  certain  time  of  vory  small,  transparent  microscopic 

globnlcfl.     The  dried  precipitate?  contains  40.75J  silver.     A  watery 

jllantoin  solntion  is  precipitated  by  mcrcnric  nitrate.     On  contin- 

ftoas    boiling    allantoin   reduces    Feulino's  eolation.      It  givoi 

Sciiiff's  fnrfurol  reaction  less  rapidly  and  less  iatensely  than  orea. 

AlbkiitQtn  does  not  gire  the  miircxid  test. 

Allantoin  is  most  easily  prepared  by  tho  oxidation  of  nric  acid 
itli  lead  peroxide.     In   preparing  allantoin  from  calves'  urine, 


Arrh.  f.  Hynakol.,  Bd.  8, 

■Nftclir.  d.  k.  U«sell8cli.  d.  Wiw«ni»ob.  bu  tiOittDgeii,  1849. 
]opp»-8vjl«r's  PLysiol,  Olieiu.,  S.  816. 

*  Zeltachr.  t.  nX.  Mvd.  (3).  Bd.  31. 
^  Aan»l.  a.  C:h<^ni..  Bd.  33. 

*  Anu&).  de  cliiin.  et  d«  plijs.,  T»me  17. 

*  Bar.  d.  duut^j^li.  cliam.  0«Mllfcb.,  Bd.  9. 
■StsJuclir.  f.  plirsiut.  ('hem..  Bd.  19. 
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ooDcentrate  the  nriiie  on  the  vater-bath  to  a  ejrrup  aail  allow  it  \a 
etatid  in  the  colli  for  several  days.  Tlio  crystals  which  are  BCpantMi 
from  the  prefipitate  by  WL«hing  are  rlissnlvfd  in  boiling  water  with 
tUti  uddiLiou  of  Eoriie  uuiuiul  cliarcoul,  atid  tiitervd  while  bol;  tlicD 
acidify  ihe  llltrulc  faiiiUy  with  bydroctiloriu  acid  (i?o  as  to  keep  ttio 
pho-tphfttos  in  Bolution)  and  allow  it  to  crystallize.  AllaDloiii  is 
dntecLccl  iti  humnrL  urine  by  the  method  first  5iig<;estecl  by  Mei 
NEB.'  It  consists chicHy  of  the  followincf  points:  Precipittitf 
nrino  with  baryta-water,  filter,  rcuiino  the  luu-yta  with  Bulphn 
acril,  lilter,  precipitate  the  ulUntoiii  vrith  Ilu;Cl,  iiinlkalioe  Mlution, 
decutiipuiiu  lh(;  preuipitHle  with  biilphaicMtrd  hydroguii.  coucttatrstf 
strongly,  ]nit-ify  the  crystak  wJiich  separate  by  recry stall ization.  kqiI 
lastly  prepare  tho  silror  coiiiltitiutiou. 

Xanthin  Basel.     Tlie  xaiithin  basee  which  habitually  occur 
hiiiiiiin    urine    are    xaiithm,    hypoxanthin    (8aia)M0N'),  ^uojiia 
(Pouch lt'),     carnin    (Pocx-iiiTT),    p/tnuajttfiin     (Taunicni"*,' 
Salomon*),  hderoxarifhin  (Salomon'),  and  ejmarkin  (HalkeI. 
The  i{uu]ilily  of  tb'QiiO  bodies  in  tlie  urinu  U  vei7  uniall.    Ti 
quantity  or  .tanlhin  boditis  in  the  urine  ia  increased  esjieciaUyii 
leucHjniiii,  iti  wbiuh  ii\&msantlcntH  isalao  fonnd  in  Ibe  urine  (StivT' 
hagrm').     An  iucrcaeed  climiiiutiou  of  certain  xauthin  base*  Iitf 
also  been  observed    by  PoruuET  iu  forunt  and  afToctions  of  ti 
nervons  eyatem.     KuriJEit'  hiiK  found  two  new  xanthin  Imbcs 
the  urine  of  liiuatiiv.     One  of  tho>te,  epitjtmniH,  is  eimilar  to  gtiimia 


'M 
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ill  mitubilities  and  has  the  formula  (^\,ll„N.O,.     The  (Second  ooulil 


not  be  obtaineil  in  anllicient  iguuutity  for  analysis.  XanthiD  tiff 
occurs  a&  u  CDntitituenL  of  a  variety  of  rare  caiculi  (Maiic:bt).  Utf 
also  sometimes  found  as  a  oonstitiiout  of  urinary  sodimeuts  (Oiudj 
JoKKs). 

PBrazAstkln.    riH>N.Oi  (dtrnKhjlxaotltln),   uiij  beterozkBUtlB,  CJliN 
(nietb;lx«utliiu).  do  noi  giv«  lb«  xftntbm  reuctioo  with  uilric  acid  and  kUiU 


I 


M  do  I'arlae.  A^ 
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*  Cuntributious  &  ia  cuiniaiiuiaiicf'  't*M  oialidresestraclir< 
Paris.  1^80.     C'llod  from  Hupp^iri-N'vuliauor. 

*  UrOndBd^'c  d.  iin«t.  und  klin.  Cliem.     Betllo.  1888. 
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*  Ihi  IVi»>It«ymond'B  Arrh.,  ISSrj-  Ber.  d.  deutaoh.  cbom.  UcMlUeh..  M 
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Imt  {five  WsiDEi.'fl  r<-u^-lion  (wr  pn^'  105).  TbcT  differ  from  oiiipr  xKiitlun 
bodies  br  fornilng  ervti  ullimt  cainbiikati(iD!<  witb  ailciilirH  wbi«li  arc  diOicultl; 
'  soluble.  Auiat{>ltoii!>  liRMroxAiilliin  !V|iMratH.->  on  DvutmliKinf;  ibi-  uHliuio  ocu- 
liiontton.  but  ]iar«xantlilii,  fa  ibf  ountrary,  •r>|>iirait;->  in  «cry»tiLnii]<'  c<>nditioii. 
farnxnnllilD  gircAUi  tAtii\j  aolublc  wtinbiiiuiioii  witb  bydniclilnric  kchI,  wbile 
bi-tpniinnibiii  foriuM  uD  iiiaululiln,  buanliful  crviiuilliixi  cum  bin  at  inn. 

EylMrkln  is  ilie  uaRi«  i;i^^<>  by  Baiju:  u>  s  new  xarillMii  bn^e  'wcurr^n)*  in 
biiuiMii  unne.  Tlit>  same  body  baa  been  nbaerved  by  Samiudn  '  in  pi^r'A  anil 
tlo^H  uriD«.  aa  wi-jl  aa  in  urine  in  laucmiiia.  BaLkb  givtm  l_',lIiN)<-i  u.-<  ibi* 
pn>>Mbl»  fonnala  for  rpttarkin,  It  ia  iiMrljr  iDsoIi]hl<>  in  coid  wai>.T,  tli^ttohes 
wiib  difflcully  ill  but  natt-r,  but  roajr  bo  obuiin^'d  iberDfrom  aa  Ion,'  bna 
iic^ll'>-t.  K(ilidkrkin  di>e»  not  give  tin:  snnlbiu  rcaotioEi  witb  nitric  acid  iiur 
WRiOEr.'ti  r«-iiirlii>ii.  h  |,'iv«>>,  uii  llin  ixJittrnrr,  tli«  uiurextd  Inut  wrtb  bvdro- 
ebWic-  wrid  ai^d  pi>uufbium  ckloraie.  Tb»  silver  ocHUbiuali<m  U  diflicallly 
Botiible  ID  nitric  u^'id. 

In  [irf-purin^  xanthin  hodir^  fr>~rtu  tbc  urini',  it  ia  8u{>«r>atii rated  witb  aiu- 
mooiA  aini  jirfri[iiijit«l  by  «  siivur-nilTBtn  Bulmion.  TIjp  ]'rwi]nijil»*  is  tbeo 
dMaim{>-)tKN]  Willi  siil|iliurftt<rd  byilm^-D.  The  boillrif;  bnt  filirute  ia  crap- 
oratml  tn  dryonM  and  tlic  dried  rmiduR  trnatrd  witb  ^  aulpltiinr  arid.  Tbe 
xantbiit  bouiM  ar«  dl'vilfed.  while  the  uric  arid  rt-muiikit  undiKaulvH.  Tbta 
Alirmt«'  l!4  itaturatod  witli  aiaiuoaia  and  proripitat'd  liy  i>i I vcr- nitrate  tmlatioo. 
Tbe  different  xanlbin  bodies  may  Ix-  Mrpatatt^l  fruin  >  ach  ullit^r  hy  trcaluig  lb« 
aitrt>r  prwcipilai**  with  boil in){-bnt  nitric  ac<<!  uf  a  ^p.  i:r.  of  1.1  (iwe  pa^  108). 
Tbo  loiithiD  bascH  may  be  quautilalivel y  ceiiniatcd  arcordinif  lo  ttie  rullow- 
inK  mctl4iMl  aa  aitirceeied  by  KutJOBR  and  Wvi-vf.'  Thin  luciliod  i^t  ba-ird  oa 
tlw  propertjr  or  tCa  xaatjiin  bases  and  uri  ■  aoid  of  IwinK  ciiiu;il«'t*l«-  |<rFdii- 
Il«t«u  aa  aa  iiiiMlabl*  coppvr-oxtdfl  cotDbinntioii  on  tbu  odditiun  of  copper  sal- 
,  pbiLt4(  and  undiatn  bi^iulpbit/'iinlTiTliin. 

Thnaitlliiir  uaum  a  IKf  <rn|>[>i'r-<iiilphnt«  anlntinn,  S  SOff  bwtilpliito  mlutloB, 
J  and  a  lOf  Badi  aMlmW'ti.  Tlivuddilioii  ff  B«<'lt  baa  tliv  purpioeur  facililaltug 
tb«9*ltlinx  uii.i  filiratJon  of  ihr  pnvipitau-d  ■■■ppi-r  oSHluf:(>mtiinati'<:<n  bv  tlia 
'  BaSU,  [urmt-d.  lUO  e.  r,  <if  lb«  urine,  (im?  f  nun  jitultud,  i.i  liratml  ui  Ixiiliug, 
1 10  c.  e  nt  tbi*  b'ttulphltv  s(>luiii<n  ad  led  and  Iriiiui^iBtely  tb«mipuii  lOc.  c.  uf 
,  thv  iv>[>p4T-«iiilp:iate  anluilon,  and  aj^aln  heated  to  lioiling.  I'liftit  ad<l  ftr..  e. 
BaCI,  wiliili'Mi  and  allow  toieitlle  for  twu  liours,  filt' r  uud  vrnnb  i-uiuplviely 
I  with  Imilfd  wntcr  wbicli  has  been  cjoI(kI  to  80*  C.  Tb(<  Alter  and  couifutA  are 
ilnatml  KOHrding  lu  Kji:i.t>Aiii.  Ui'mmno  and  ihc  nitm^vn  d«ioniiinB(t.  This 
'vltnuAB  Li  ihi-  tiiial  iiitrn;;r-n  of  tlift  iihc  oi^iH  and  xanMiin  Ijasrs.     If  tlti^  n.tro- 

£n  <(i  IIhs  urir  iu.-id  pivcipilali^d  ariNirding  l»  SAi.x<>wi>KI-t.i;[)Wlu'H  mrtluHJ  ia 
t^nnined  in  another  |>-'rti»ii  I'f  lli*.*  urine,  ilit'n  th«  dllTurviiou  b^tweL-n  ttiMe 
two  riMalts  give's  thf  nitr.ipcii  of  ilu-  xantbin  litt.<)e«.  This  inultlpllnKl  hy  2,745 
piT***  thf  totui  iiaantiiy  of  iniilliin  ba'.i->. 

If  uric  acid  >■  tn  Iih  ilftoniiiiird  by  tbi«  mplhnd,  th^Cnpjn-r-'ixiil"  pracip>lat« 
la  tn«tf^d  wltli  Noditun  sulpliidf.  fi1t«r(>d  aciditiod  witb  Lydrooblorlcaoid.  i:on- 
eeiitmt»l  by  (>ra]Hiratioti.  and  tlif  prt-iriniiatvd  uric  acid  callcctod  on  a  lilttiT 
aftfr  a  cvnain  liuu*.  Wn  refrr  tlie  iradcr  U>  tbe  original  ariicle  in  reganl  to 
tho  method  of  e.^stimuiiufr  oric  acid  and  lanthin  luuiea  u  BuggeHit'd  by  Sai^ 

KOW«Kt  ' 

HippTtric  acid,  or  iiexzotl-amiiw-acetic  acid,  C.II.NO,  or 
C,n,.CO.KlI.Cn,.C0OII.  This  acid  <lecomi«>8e8  into  benzoic  acid 
and  glvcoccill  on  boiling  the  nrine  with  ininerai  acids  or  alltalies, 
and  also  by  putrefaction.  The  revunie  of  tliis  occurs  il  these  two 
components  are  heaUd  in  a  seated  tnbe  accordiug  to  tbe  loUowiug 

■  ZelUchr.  f,  phyabil.  CliMn..  Bd.  19. 

'  n>ul  .  IW    SO. 

>  Cvntralbl.  f.  d.  ined.  Wlueasdi.,  18M,  No.  SO. 
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eqoAtioD:  C.H.COOH  +  KH..CH..COOH  =  C.H.XO.SH.CH^ 
COOH  -j-  H,0.  ThU  acid  maj  be  STDtbeticallr  prepared  from 
benzamid  and  monochlor-acetic  acid,  C,H,.CO.X H,-i-CH,Cl.COOH 
=  C.H..CO.XH.CH,.COOH  +  HCl,  also  in  other  different  wajB. 

Hippnric  acid  ocean  in  large  amooDts  in  the  nrioe  of  herbircMm, 
bat  onlr  in  small  qnantitiefi  in  that  of  camivora.  The  qaantirf  of 
hippnric  acid  eliminated  in  hnman  nrine  on  a  mixed  diet  is  nBoaUj 
less  than  1  grm.  per  '24  hoora;  as  an  average  it  is  0.7  grm.  After 
eating  freelj  of  vegetables  and  fmit,  especiallv  snch  frnit  as  ploms, 
the  qnantitT  may  be  more  than  *2  grms.  Hippnric  acid  is  wlaa 
found  in  the  perspiration,  blood,  snprarenal  capsale  of  oxen,  and  in 
ichthyosis  scales.  Nothing  is  positively  known  in  regard  to  the 
qoantity  of  hippnric  acid  in  the  nhne  in  disease. 

The  Formation  of  Hippurie  Acid  in  the  organism.  Boizoic 
acid  and  also  the  snbstitated  benzoic  acids  are  converted  into- 
hipparic  acid  and  sabstitnted  hipparic  acids  within  the  body.  Also, 
those  bodies  are  transformed  into  hippnric  acid  which  by  oxidation 
(tolao),  cinnamic  acid,  hydrocinnamic  acid)  or  by  rednction  (qninic 
acid)  are  converted  into  benzoic  acid.  The  question  of  the  origin 
of  hipparic  acid  is  therefore  connected  with  the  question  of  the 
origin  of  benzoic  acid;  for  the  fommtiou  of  the  second  component, 
glcyocoll,  from  the  protein  sabstances  in  the  body  is  withont  qnee- 
tiun. 

Hippnric  acid  13  found  in  the  orine  of  stan'iag  dogs  (Sal- 
Kow.sKi'),  al^m  iu  dog's  urine  after  a  diet  consisting  entirely  of 
meat  (MeissNEK  and  Shepahd,'  Salkowski,  and  other?).  It  is 
evident  that  the  benzoic  acid  originates  in  these  cases  from  the 
prolttids.  lieuxorc  acid  may  indeeJ  lie  pro^lnced  outside  of  the 
body  by  the  oiidation  of  proteids:  the  benzoic  acid  produced  on 
a  diet  consisting  entirely  of  meat  seems  to  be  derived  from  rfie 
putrefaction  of  the  proteids  in  the  intestine.  Among  the  products 
of  tlie  putrefaction  of  nrotcid  outside  of  the  boiiy  .'^ALKOwsKI  *  has 
found  pheoylpropionic  acid,  C,II,.CII,.CU,.COOU,  which  is  oxi- 
dized in  the  organism  to  benzoic  acid  and  eliminated  as  hippurie 
acid  after  combining  with  glycocoll.  Phenylpropionic  acid  seems 
to  be  formed  from  the  amidophenylpropionlc  acid,  wliich  is  prepared 

>  B«r.  d.  dcQtsch.  ch«ni.  Gesellacli.,  Bd.  11. 

*  L'aursudi.  Qber  das  EnUtebeD  der  HippnrsAare  im  thieriscbeD  O^^an- 
innas.      HwinoTer,  ISM 

'  E.  and  H.  Salkowski,  Ber.  d.  deatscb  chem.  GeaellscK,  Bd.  12. 
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only  from  the  plant  prot«idd,  and  the  fliippoeittoii  thnt  the  phenyl- 
propionic  acid  is  prodnced  from  tyroeiii  bj  putrefaction  in  the 
intoBtine  has  not  been  snbsuintinted  by  tlie  researches  of  Bau- 
HANK,'  SruorrEN,'  and  Baas.*  The  importance  of  pntrefaction 
in  the  intestine  in  prodocing  hippnric  acid  is  evident  from  the  fact 
that  after  thoronghly  disinfecting  the  intestine  of  doga  with  calomel 
the  hippnric  acid  diuppears  from  the  nrine  (Uaijuans  *). 

The  large  quantity  of  hippnric  acid  present  in  the  urine  of 
herbiTOTa  is  jwrtly  explained  by  the  fact  tbnt  regetahlo  proteids 
yield  perhaps  larger  amonnts  of  amidopheny]propiouio  acid,  and 
partly  by  the  s]iecia]ly  actire  processes  of  ]>utrefaction  going  on  in 
the  intestine  of  bcrbivom.  Those  circumfltancea  do  not  cntireiy 
explain  thia  exceu  of  hippnric  acid.  The  abundant  etimination  of 
hippnric  acid  by  herbivora  mar  in  part  depend  on  the  great  amonnt 
of  aromatic  nnhstances  in  the  food  of  the«  animals  which  is  con- 
Tertcd  into  henxoic  acid  in  the  organism.  There  is  hardly  any 
doiiht  that  the  hippnric  acid  in  hnman  nrine  after  a  mixed  diet, 
and  pspeninlly  after  a  diet  of  vegetablon  and  fmits,  has  in  part  a 
mmiliir  origin. 

The  kidneys  may  be  considered  in  dogs  m  special  organs  for  thb 
■jmthcsis  of  hippnric  acid  (SciiMiRi)EnRR(iand  BrNOE').  In  other 
animals,  m  in  mbhita,  the  formation  of  hippnric  acid  eecms  to  take 
place  in  other  ot^ans,  such  as  Uie  liter  and  muscles.  The  aynthcci* 
of  hippnric  acid  is  therefore  not  exclnavely  limited  to  any  special 
organ,  tliongh  perhaps  In  some  species  of 'animola  it  may  he  mor» 
abundaDt  in  one  organ  than  in  another. 

PropertiM  and  reactton^  of  hippnric  acid.  This  acid  cnrstnllize* 
in  semi-trangparent,  milk-white,  long,  four-aided  rhombic  prisms  or 
colomns,  or  in  needles  by  rapid  crystallization.  They  dissolve  in 
GOO  parts  cold  water,  but  more  easily  in  hot  water.  They  are  easily 
itolnble  in  alanhol,  hut  with  ditlirnlty  in  ether.  They  are  more 
easily  aolnhle  (about  la  times)  in  acetic  ether  than  iu  etliyl  ether. 
Petrolenm  ether  does  not  disoolre  them. 

On  hentiug  hippnric  acid  it  Hnit  melta  at  IH?..*)"  C.  to  an  oily 
liquid  which  cryfltallizes  on  cooling.     By  continuing  tlie  heat  it 

■  Zeiuchr.  f.  pbjrsiol.  Cbam..  Bd.  7. 
'  ibi4.,  &1.  a 

*rbui..  m.  11. 

*  Ibid..  Bd.  10.  a  lai. 

'  Arab.  r.  •!(>.  Puh.  n.  Pb^nn..  Bd. 
uil  Kocha.  PaOgnr's  ikrelt..  IM.  »). 


C.    Also  Ar.  Uoffmuio,  tbid..  Bd.  7, 
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docompoaos,  producing  a  red  mtus  and  a  sublimate  of  benzoic  acid, 
with  the  generation,  Ortit,  of  n  pectiluir  pleiutant  odor  of  hay,  nod 
then  an  odor  of  hydroc3fiLnic  acid.  Hippnric  acid  in  easily  differBO- 
tiuted  from  benzoic  acid  by  tiiis  behavior,  also  by  its  crystalline 
foiTn  atid  its  iriMlubility  iti  petroleum  ether.  Ilippuric  acid  and 
bv^oKoic  acid  iMtb  give  Li'cke's  reaction,  namely,  they  generate  an 
intense  odor  of  tiitrobcu;!o]  when  evaporated  vitb  nitric  acid  to 
dryness  and  when  the  roaiduc  U  heated.  Ilippuric  acid  fonui 
cryntaltizable  salts,  in  most  cases,  with  bases.  The  combinatioM 
with  alknliea  and  alkaline  earths  arc  sohible  in  water  and  alcobeS. 
The  ailver,  copper,  and  lead  salts  are  KCilablc  with  dilBcalty  ia 
uratvr;  the  tron-oxido  Btilt  is  insoluble. 

Ilippuric  acid  is  best  prepared  from  the  fresh  orioe  of  a  bow 
or  cow.  The  urine  is  boiled  a  few  miuutea  with  an  exce^  of  milk 
of  lime.  The  liquid  is  filtered  while  hot,  concentrated  and  thea 
cooled,  and  tho  hippnric  acid  precipitated  by  the  luldition  of  an 
texoesB  of  hydrochloric  acid.  The  crystals  are  pressed,  dissolved  in 
milk  of  lime  by  boiling,  and  treated  as  above:  tho  hippnric  acid  il 
precipitated  again  from  the  conficntnit^fl  llltrate  by  bydroclilonc 
»uid.  The  crystals  are  pnrifted  by  recryatallization  and  decoloriied, 
irhon  nocesstiry,  by  auiniul  cliarcoul. 

The  qnantiCatirc  estimation  of  hippiiric  acid  in  the  nrineoa; 
■bo  performed  by  the  following  method  (HrNHK  and  SciisreDt- 
BER(t ') :  The  nrine  is  first  made  faintly  alkaline  with  soda,  erapn- 
rated  nearly  to  dryness,  and  tlie  residne  thoroughly  extracted  vi^ 
*trong  alcohol.  After  the  evaporation  of  the  alcohol  di*solre  ii 
water,  acidify  with  anlphtiric  acid,  and  coiiipietely  eitracl  V 
agitating  (at  lc!i£t  Hve  times)  with  fresh  portions  of  acetic etbE^- 
Tlio  acetic  ether  is  then  repoatodly  washed  with  water,  which  i» 
removed  by  means  of  a  Bepantory  fimnel,  then  evaporated  at* 
medium  temperature,  and  tlio  dry  reaidne  treated  repeatedly  wit!» 
petroleum  ether,  which  dissolves  the  benzoic  acid,  oxyacids,  fatt  s^^ 
phenol,  while  the  hippnric  acid  remains  undissolved.  This  rui^M 
IS  now  dissolved  in  a  little  wiirni  water  and  evajwrated  at  50-60°  C- 
to  cryfltallization.  Tho  crystals  are  collected  on  a  small  wei|fbed 
filter.  The  mother-liqnor  is  repnjitedly  shaken  with  acetic  ctiif- 
Tlii«  last  is  removed  and  erapomted;  tiie  residue  is  added  loth" 
abovQ  crystals  on  the  filter,  dried  and  weighed. 

PlwaMtnric  Acid.  t',JI.,NO,  =  C.n,.(H..('O.NH.CH,AXK)n.     TU***}- 
wliirli  IK  pniHiicra  in  ilir  niiiiiiui    body  \ty  a  gtojpini;  of  liie  iibriivUrHK  •''"- 
C.II,-'"H,.CO01I,  fwruipd  liy  ilie  |.ulw'fai.tinji  at  tliepMl-ids  uith  *I_vcnn>II,  I"*" 
'boon  |<r>-[utr<Ml  from  liorse'e  urtoa  \>y  Salkowski,*  but  U  protwblr  tlm 
in 


Kiniui  urine. 

^Zeltsclir.  f.  phyiiin!    (hnm.,  Bd.  9. 
Bd.  7. 


S«w  aLhu  R  uul  II.  Satkoiraki.  f>^ 


ETOBRSAL  SULPHURIC  ACIDS.  4«t) 

Bduoio  Add,  (MItO)  or  C«H(.COOH,  is  found  in  rabbit's  urine  and  some- 
times,  iliougb  in  umall  amounts,  iu  dog's  urine  (WsTLand  v.  Anrep').  ho 
cording  to  J&ARBVKXD&nd  Stokvib' &ud  to  Kboneckbr*  it  is  also  found  in 
huui&u  urine  in  ditjeasee  of  the  kidoeys.  The  occurrence  of  benzoic  acid  in  the 
urine  seems  to  bo  due  to  a  fermentative  decomposition  of  hippuric  acid.  Such 
a  decumpoMtioD  may  very  easily  occur  in  an  alkaline  urine  or  one  containing 
proteid  (Van  db  Vei.dk  and  Stokvis  *),  In  certain  animals— pigs  and  dogs — 
tbe  kidneys,  according  to  Scbmibdeberq  *  and  Minkowski,*  contain  a  special 
enzyme,  Schmibdbbbbq's  hittotym,  which  splits  the  hippuric  acid  with  the 
separation  of  benzoic  acid. 

Ethereal  Bulphtirio  Aoidi.  In  the  putrefaction  of  proteids  in 
the  intestine,  phenol,  whose  mother-sabstance  is  conaidered  to  be 
tyrosin,  and  indol  and  skatol  are  prodaced.  The  two  last-named 
bodies,  after  they  have  been  oxidized  into  indoxyl  and  skatoxyl, 
pass  into  the  nrine  as  ethereal  sulphoric  acids  after  nniting  with 
sulphnric  acid.  The  most  important  of  these  ethereal  acids  are 
phenol-  and  creaol-anlphuric  acid — which  were  formerly  also  called 
phenol-forming  substance — indoxyl-  and  akatoxyl-sulphuric  acid. 
To  this  group  belong  also  the  pyrocaiecIUn-mlphuric  acid,  which 
only  occurs  in  very  small  amounts  in  human  nrine,  and  hydro- 
chinon-sulphuric  add,  which  appears  in  the  urine  after  poisoning 
with  phenol,  and  perhaps  under  physiological  conditions  other 
ethereal  acids  occur  which  have  not  been  isolated.  The  ethereal 
sulphnric  acids  of  the  nrine  were  discovered  and  specially  studied 
by  Baumann.'  The  quantity  of  these  acids  in  human  nrine  is 
small,  while  horse's  nrine  contains  larger  quantities.  According  to 
the  determinations  of  v.  D.  Vbldbn  '  the  qaantity  of  ethereal  sul- 
phuric acid  in  hnman  nrine  in  the  ^4  honrs  varies  between  0.094 
and  0.620  grms.  The  relationship  of  the  snlphate-snlphuric  acid 
A  to  the  conjugated  sulphnric  acid  B  in  health  is  on  an  average  as 
10  :  1.  It  undergoes  such  great  variation,  as  fonnd  by  Bauuann 
and  Heeitbb*  and  after  them  by  many  other  investigators,  that  it 
is  hardly  possible  to  consider  the  average  figares  as  normal.  After 
taking  phenol  and  certain  other  aromatic  substances,  as  also  with 
abundant  putrefaction  within  the   organism,  the  elimination  of 

■  Zeltacbr.  f.  pbysiol.  Cbem.,  Bd.  4. 
»  Arch.  f.  esp.  Path.  u.  Pharm.,  Bd.  10. 
'  Ibid.,  Bd.  18. 
•iftid..  Bd.  17. 

•  Ibid.,  Bd.  14,  S.  379. 

•  Ibid.,  Bd.  17. 

1  PflOger's  Arch.,  Bdd.  13  and  1& 

•  Virchow's  Arch.,  Bd.  70. 

•  Zeitschr.  f.  pbysiol.  Chem.,  Bd.  1. 
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etliureal  sulphuric  acid  le  greatly  increased.     Ou  the  contrairiti 
iliniiuiabed  when  tlit*  putrefaotiou  iu  the  inUwtine  le  reduced 
prevented.     For  this  reaaoii  it  may  be  greatly  diminished  hj  caibttS 
hydrates  acd  oue-etded  milk  diet.'    The  elimination  of  etbenal 
snlphuric  ucid  has  also  beeu  dimiuiihed  in  certain  cosee  by  oerlaio 
thorapeutic  ugeuts  which  have  an  aulitieptio  aoid;  still  the 
ments  are  not  uuautmous.* 

Orcnt  weight  bttg  beeu  put  upon  the  relationship  between^ 
total  sulphuric  acid  and  tlie  conjugated  aulpliuric  acid,  or  betra 
the  ooDJugat«d  sulphuric  acid  and  the  atilpbate-snlpharic  acid, 
the  elddy  of  the  intensity  of  the  putrefaction  in  the  intestiae  Qod 
different  eixiilitiona.  Several  investigators,  F.  MCLI.ER,'  Sj 
K0W8KI,*  and  v.  Koobdbn/  conaider  correctly  that  this  relalxai* 
ship  is  only  of  secoodary  value  and  that  it  ie  more  correct  tf 
consider  the  absolute  vidue.  U  must  be  remarked  that  tlie  abeolntt 
Talaee  for  the  conj  ugatcd  snlphuric  aoid  also  undergo  great  vsrii- 
tioQ.  BO  that  it  is  at  preaont  impossible  to  give  the  upper  or  loier 
limit  for  the  normul  value. 

Phenol-  and  p-Cre»ol-salphuric  Add,  C\n,.O.SO,.OH  and 
C.1I,.0.S0,.01[.  These  aci<li4  iire  found  as  alkali  salts  in  hnintt 
Qriiio,  in  which  also  orthocrei^ol  has  been  detected.  The  r|oaDtit]i 
of  cresol-Bulphnrio  acid  is  considerably  greater  than  phenol-^)- 
phorio  acid.  In  the  quantitative  estimation  the  phonoU  set  fn« 
from  the  two  ethcreu.L  acids  are  determined  together  an  trtbroDh 
phenol.  The  quantity  of  phenols  which  are  separated  fram  ik 
ethereal  sulphuric  acids  of  the  nrine  amounts  to  17-21  milligrainnui 
in  the  'H  hours  (Munk*).  The  methods  for  the  quantiUii'e 
estimation  used  heretofore  give,  according  to  licMt'i'^  and  aIv 
KoaSLBR  and  I'kxn'Y,  'snch  inaccurate  rcsnlte  that  new  determia- 
ationsare  very  desirable.     After  a  vegetable  diet  the  qnantitr  4f 

■  See  niraebler.  ZdUubr.  f.  pbyaiol.  Cbem.,  Bd.  10;  Bitn-nukl.  Dmuck 
Arch.  f.  klin.  Med  ,  Bd.  49,  Eiovifclii,  Z^itMrlir.  f.  phjliol.  Vhmi..  Bd.  I*: 
WiiiU^rniu,  ibid.,  ntnl  Hclimitx,  ibitl  .  !i»ld.  17  »ik1  19. 

■  Se«  naunia.ijri  and  Monii.  /eltschr.  t.  pbynifA.  Cbem.,  Bd  10;  Su-iff.  2s> 
•ebr.  f.  klia.  Mnl.,  Bd.  IC;  ttuvi^bi.  1.  c,  SUtro.  ZsiUebr.  f.  Bjgieat.  Bi  U. 
u)d  UvtoBcbewLtscb.  ZoiucLr.  f.  (iliysiol.  Cbem.,  Bd.  17, 

■Zfliucbr.  f.  klin.  Mud..  Bd.  lii. 
«ZeitMl)i.  f.  phjrsiot.  Chem..  lid.  18. 
*Zeit«l.r.  r  kliu.  M«i,,  Bd.  11. 
»  rflOgei'ii  Arch.,  ltd.  13. 
^  Zvitscbr.  f.  pbrsiol.  Cbem..  Bd.  18. 

» rbfa.,  Bd.  17. 
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th«M  etheretil-fiiilpltnrir  acids  is  greater  th&Ti  after  n  mixed  diet. 
After  taking  parhnlic  jipici,  which  is  in  great  part  converted  by 
•ynthesi«  within  the  organism  itito  phenol-ethereal-snlphnricacid, 
besides  aUo  pyrocatech  in -ami  bydrctchiuon-sulpburic  ucitl,'  utidaUo 
when  the  amount  of  snlphiiric  acid  is  not  snQicieut  to  combiue  wIUi 
the  pheuol,  forming  phenyl-glycnronic  acid,*  the  qauutity  of 
plwnols  and  elhereaUfulphuric  acids  itt  the  urine  is  coueiderably 
increased  at  the  expense  of  the  salphate-stilphuric  acid. 

An  increased  elimination  of  phenol-snlpburic  acid»  occurs  iu 
active  putrefaction  in  the  intestine  with  stoppage  of  tlie  contents  of 
the  intestine,  as  in  ileus,  diffused  jieritonitis  with  atony  of  tho 
intestine,  or  tubcrculons  enteritis,  but  not  in  eimjile  obstruction. 
The  elimination  is  also  increased  by  tho  ubeorptioti  of  tho  products 
of  patrefaction  from  pnrnleut  wounds  or  abscesses.  An  iiicmasod 
elimination  of  phenol  has  been  obserTed  in  a  few  other  cases  of 
diseased  conditions  of  the  body.' 

The  alkali  salts  of  phenol-  and  cresoUsnlphnrio  acids  crystallise 
in  white  plates,  simihir  to  mother-of-pearl,  which  are  rather  freely 
solnble  in  water.  'I'hey  are  soluble  in  boiling  alcohol,  but  only 
slightly  soluble  in  cold.     On  boiling  with  dilute  mineral  acids  they 

tare  decomposed  into  salphuric  acid  and  the  corresponding  phenoh 
Pheiiol-snlphuric   acids    have    been   synthetically    jirepared    by 
Bai'MANN  from  polassium  pyroaulphuto  and  phenol-  or  p-cre^ol- 
potassium.     For  the  nietlioU  of  their  preparation  from  nrine,  whicli 
IB  ntther  oompllcated,  tho  reader  is  referred  to  other  text-books. 
■    The  rinantitative  estimiition  nf  these  ethereal  nnlphnriR  acids  is  dr>ne 
I   by  determining  the  amonnt  of  phenol  which  may  be  sepiirnted  from 
I   the  nrino  ai  tribromphcnol.     In  this  determination,  when  tho  urine 
\  is  not  specially  ricli  in  phenol,  about  one  friiirth  of  the  total  quantity 
iu  tho  'i\  hours  is  used;  it  is  acidiCed  with  concentrated  hydro- 
chloric acid — 5  c.  c.  for  every  100  c.  c.  of  urine — iinti  didtilleii  nntil 
ta  portion  of  tho  distillate  docs  not  j^vo  tlic  sliglitest  reaction  for 
phenol  with  Millok's  reagent  or  with  bromine- water.     The  distil- 
late is  now  carefnily  uentruliKcd  with  soda  solution  (which  combiuos 
with  the  benzoic  acid,  etc.)  and  again  distilled  nntil  a  portion  of 
the  distillate  is  free  from  phenol,  as  shown  by  tlic  above- mentioned 
.roagQQts.     This  diiitillalo  la  trealKJ  witli  hroniiuu-^vuter  until  a  per- 
'Suitient  yellow  color  is  produced,  ami  then  allowed   to  stand  for 

>  Sm  Riinnikn&.  Pllngnr's  Arcli. ,  Uild.  13  nofl  13,  iitirl  liaiimann  ntid  [*roiiBSP, 
Zvilsclir.  f.  pbfHJul.  Chem.,  Bd.  8,  B.  166. 

»  Scbu)i«deln>rK,  Arcli.  f,  vx\t,  P»tli.  u.  PL«ru>.,  Bd.  14. 

'  Sex  U,  IloppM-SajrIor,  Zeitsi-tir.  T.  phyisiol.  CUem.,  Bd.  18.     Tills  conulns 
ail  wfvrvDcm  Vi  the  lilerature  od  tliia  subjeol. 
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ubout  24  hoars  in  the  cold;  the  cryatallioe  precipitate  m  then 
collected  on  a  small  weighed  filter,  washed  with  dilute  bromine- 
water,  dried  over  Bulphuric  acid  without  the  nse  of  a  Tacuum,  and 
weighed  (100  parts  tribromphenol  correspond  to  38.4  parts  phenol). 
It  is  assumed  that  the  paracresol  is  first  converted  by  the  bromine- 
water  into  tribromcresol  bromine,  and  that  this  is  then  gradaall; 
clianged  into  tribromphenol  with  the  discharge  of  carbon  dioxide. 
As  shown  by  Ruupp '  this  is  not  the  case,  bnt  dibromcresol  is  chieflj 
formed  instead.  This  method  is  therefore  not  available  for  this  and 
other  reasons.  Among  the  other  methods  which  have  been  sug- 
gested, the  following  seems  to  be  the  most  available. 

KossLEK  and  Penny's'  method.  This  method  is  a  modification 
of  Messinoer  and  Vortmann'b' voiumetric  process  for  estinut- 
ing  phenols.    The  principle  of  this  process  is  as  follows:  The  liquid 

containing  phenol  Is  treated  with  — -  canstic  soda  antil  stron^f 

alkaline,  warmed  on  the  water-bath  in  a  flask  with  a  glass  stopper, 

and  then  treated  with  an  excess  of  y^  iodine  solution,  the  qaaotitj 

being  exactly  measnred.  Sodiam  iodide  is  first  formed  and  tben 
sodium  hypoiodite,  which  latter  forms  tri-iodophenol  with  the 
phenol  according  to  the  following  equation: 

C.II.OH  +  SNalO  ~  C.H,I,.OH  -f  3NaOH. 

On  cooling  acidify  with  sulpimric  acid,  and  determine  by  titration 

with  —  sodium  thiosulphate  solution  the  excess  of  iodine  not  used. 

This  process  is  also  available  for  the  estimation  of  paracresol.  Kidi 
c.  c.  of  the  iodine  solution  used  is  equivalent  to  1.5C70  grmi. 
phenol  or  1.8018  grms.  cresol.  As  the  determination  does  notgiw 
any  idea  as  to  the  variable  proportions  of  the  two  phenols,  the 
qnantity  of  iodine  used  must  be  calculated  as  one  or  the  other  of 
the  two  phenols.  In  regard  to  greater  details,  and  especially  ^ 
preciuiHouH,  we  must  refer  the  reader  to  the  original  article  of 
KoHSLEit  and  Penny. 

The  methods  for  the  separate  determination  of  the  conjagat^ 
sulphuric  acid  and  the  salphate-sulphnric  acid  will  be  spoken  of 
later  in  connection  with  the  determination  of  the  sulphuric  acid  of 
the  urine. 

PrrooatMhin-BUlphnric  Add  (and  Pthocatbchih),  This  acid  wm  first  fW* 
in  horse's  urine  in  ratlier  larffo  quantities  by  Badhann.*  It  occurs  in  haiDtf 
ariue  only  in  the  very  smallest  quantities,  aud  perh&ps  not  constantly,  bat  >* 

'  Z.'itschr.  f.  phyaiol.  Cheui.,  Bd,  Ifl. 

'  Ibid. .  Bd.  17.  ' 

»  Ber.  (i.  deutsch.  chem.  Uvsellsch.,  Bd.  22. 

*  Baumann  and  Herter,  ZeitHchr.  f.  physiol.  Cliflm.,  Bd.  1. 
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oeconi  Kbundantly  in  the  orlne  nfler  taking  phmol,  pYrocatocliin,  or  praio- 
■aat«M:bu)(!  add. 

Qu  An  eichieivp  ntfMit  diet  ih'ih  arid  dues  nut  oct'ur  In  llie  iiTine.  bdJ  It  tUer«- 
(fnre  origioau  a  fruta  tLo  ve^tnblc  (uod.  It  pruliabty  origlOKi«&  from  the  prn- 
itoL-atccliuic  Bcid,  wbkb.  BCCitniluK  tu  I'lDcUASK.'  |>iu>!»(4  in  pan  into  tbe  urii  e 
'«s  f.j(?Ticiit«^liiii  niitiibunc  acid,  'riiinncid  njay  ulsn  ptrlmpti  dt-pt-ndiii  oxida- 
tion lit  plirMil  vritbin  tbe  onrBniKin  (BAi'MANNaml  PiiiiVHHic'). 

Pjro«at«ehtn,  cr  o-l)ioxTnfUix<)i..  Cill.(l>n}i.  wns  Kr*t  ubscrvcd  in  tbe 
lariov  id  m  rliild  4l-'itfTKi>  nnd  J.  Mi.'ij,Kic*].  '1  lie  rpducing  bod/  At^AlTUK, 
•Jrsi  fonod  by  BiiiiKKUit  *  in  bumsn  orlne  and  winch  waa  mnflidercd  for  a  li>n(f 
(finia  ■•jd«ntu'al  witb  tirnicikti^biti,  waa  probatily  kumontntint  atid  or  uroUuio 

ib<M(»Mb«l0W). 

»  PyracBtficliin  cryrtalliKi'?  io  priBni)>  wLiclj  ftr*  soluble  in  Alcohol,  ether,  nnd 
).Waler.  It  Ricltiiat  I08-UM  c:.  and  sublfmcnl  n  nliinin^  plal<^.  Tbe  waU-rr 
,';|nlat'n>u  lN!«imii»  green,  brown,  iiud  ultiiuulv'ljr  bUck  ia  ibe  |)mt«iii'«  or  alkali 
laud  tlie  oxyE«o  of  ibe  air.  If  ver«  dilute  ferrc  chloride  Is  tr^au'd  wlUi  mnaric 
jacid  and  tbrn  injulA  alkaline  with  aiiiinonia,  and  this  added  Uis  watery  iMiluiinn 
(of  p\r>«:ai»*blii,  we  otilain  a  vii'lt^i  r.r  rlieny  reii  llf|nnt  w  liii^b  lip-iiiiie"  >;n-eu 
on  vatanillnp  with  acptrc  acid,  PyrcH'alechiu  \s  pr«cipilali.'d  by  It^iid  ai'«lt>te. 
.Jt  rrdui-rs  an  animtmiacnl  silver  solution  at  iLo  ordinary  teiiipciattiro  aitil 
I'lt^lucra  alkalinr  [>>p|>i!r>uxidu  milutiunit  wiUi  bi*Mt,  but  doc*  nut  raduco  bismuth 

'Oxidv. 

I  A  urine  containing  prrocat<-cbtn,  if  kxpnuLil  totlu-air,  fHpeHally  wlimnlka- 
|liti«,  quickly  beconies  iluck  and  rvdiices  alkaline  i.-ii|<per  solulionn  wbt-ii  bMit(.-(!. 
BK  d«'t(^'inp  pyrocotpcbin  in  ll>«  urine  it  is  coDreDtraied  « liet\  necessary, 
HHamJ.  Iraitcd  with  lb(.<  additiun  of  E>il|ibiiric  acid  to  n-iU'ivc  xhv  pLt^nols,  and 
nApeatrdiy  slvoArn  nft^r  co  ilitii*  with  '■llicr.  *J'lir  rilicr  U  disiilli-il  from  tlo' 
'•■tvcral  itlbrrrnl  ifitrai-U,  tlie  rPHiduc  nciitraliKKd  <vU]i  biiriuiu  fDrlHinnlc  nitd 
tahak«ii  attain  witb  0ilii>r.  Tbo  j>yp>cai(^Ltu  nhicli  nsitiMinn  afii^^r  evapuratiu); 
■  tliH  etln-r  innr  Iw  purified  by  reTystaltbuttion  from  Iwuzul. 

Hydr«ckIa«D.  or  ■■•DiiixirnKN/.ot..  l',ll,(OH)t ,  ofleLi  occurs  in  tbe  orlne  after 

Hid  Ukti  o(   plianol  (BaimakN  and  Pheui^se].    The  darlt  color  wblcb  cvruia 

Krlboa.  Bn-calli'd   ■■carlMiltf  nnncs,"  take  in   the  air  is  dne  Xn  derumpiaitidO 

luctit.  tlydrocliinou  dor-a  iiol  occur  a-<  a  uomial  iyinntiliii.-ii(  of  urlut-.  but 
'  ibe  odininiiitraiinn  of    hydrricbinoii;  nrnjrfliujf  lu  LKViift'  it  piisM-i:  into 

urict]  of  rabbits  as  otlicnal-Hul  phuric  a<:id,  aM  a  dt:cou]Kisitiou  pruduct  <ff 
tarbu  <  in. 

Ilydruobiu'ii)  fornin  rbcnnbiuil  cryntabi  wbicb  are  readily  soluble  in  vrator, 
■l«obol.  and  «ih«r.  It  m«ll?  at  109*  C*.  Like  pymcatvchin,  ti  I'aslly  rvduc«s 
'BWIallfe  nxidra.  It  actx  like  pyrDcnlt'chin  witb  nlkalii-a.  bat  la  nr<i  precipiuiled 
'Vltb  l«ad  ai:»lat«>.  It  in  <ix\Ai-it.t\  into  cliiuon  by  ferric  clilorbft;  and  i>ilieioxidi&> 
flop  agent",  and  cbinnn  ia  doi«cU'd  by  its  p^rullnr  ndor,  liydrnrliinnn-uul- 
nbtiricaeid  iadelf>ct«d  iu  tbii  uriDv  by  ibn  acuuc  uieihods  as  pyru{.'at4M:liii]-BiU- 
pbofie  acid, 

Indoxyl-mlpharic  acid,  C,lI,NSO,  or  C.H.X.O.SO^.OH,  also 
Cftlled  LKisK  iKuiCAS,  fonnurly  cailed  ntoxAXiniN  (IIkllbk), 
jpccars  as  alkali-salt  in  tbeuriiie.  Thitt  iicid  is  the  uiolher-subataiiutt 
bf  a  great  j>art  of  tlie  indigo  of  tlie  tiriiie.  The  rjuantity  of  iudigo 
%rbich  can  be  separated  from  the  iiriue  ia  connidered  aa  a  measure 
of  the  quantity  of  iiidoiyl-Bui plume  acid  (aud  indoxyl-glycurouic 

'  Zeitschr.  f.  pbyaiol.  ("Iinin.,  Bd.  3, 

»/&«/..  Bd.  3. 

'  Vircbow'i  Areb..  Bd.  02. 

*  Zeitschr.  f.  rat.  Med.  (3).  Bd.  7. 

•  Vlrehow'9  Arch.,  Bd.  83. 
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acid)  coutaiaed  in  the  urioo.     This  amoant,  according  to  Jxtri,*, 

for  man  Ik  ^-^Omilligraniince  ]icr'H  hours.    Horeo's  urine  oODUii 
about  'io  times  as  mucU  indigo- forming  eitbstaucc  as  hamaQ  nriat. 

Indoiyl-sulpliuric  ncid   la  derived,  us  above  mentioned  (pagt 
480),  from  indol,  which  ia  Jlrst  oxidized  in  the  body  into  indoijl 
and  thei)  is  coupled  with   sulphuric   acid.      After  BabcuUineoui 
injection   of  indol   the    elimination    of    indican    ib    consldcnibl; 
increased  (Jaffb,'  Bai'masn  and  ButEUEB').     It  isnlso  increawd 
by  the  introdttction  of  orthoDitrophenylpropiolic  acid  in  the  orgm- 
ism   of  animalB  (tJ.   IIoi'i-e-Seylek').     Indol  is  formed  by  tbe 
putrefaction  of  protciJ^.  nnd  it  ia  tberefora  cosy  to  understand  vlir 
the  quuiitity  of  iiulosyl-aalphnrio  acid  is  greater  with  a  meiit  tlun* 
Trith  a  vegetable  diet.    The  putrefaction  of  accrotious  rich  in  proteiii 
in  the  int'estine  exptains  al^n  ihe  occurreuue  of  indican  in  the  arict 
during  BturTulion.    Oeluticie,  on  the  contrary,  does  not  increase  Uh> 
eliniinution  of  indican.     An   abtiormally  increased  elimlnulion  of 
indican   occurs  in  stioh  dieeaseB  as  obstrnct  the  small   inteetine. 
oanaing  an  increased   ])ut  re  faction,   thus  producing  an  abnodaDt 
formation   of  indol.     Huch   un   increiued   Ritmination  of  indioHi 
occurs  on  tying  the  small  intestine  uf  a  dog,  but  not  the  large 
intestine  (JakkS*). 

The  elimination  of  indican  may  also  be  caused  hy  the  putrefvc- 
tioQ  of  prot«i']s  in  other  organs  and  ti.i<mes  of  the  body  besides  Ibt 
intestine.  An  increased  eliininatton  of  indican  has  been  obwrTeJ 
in  many  diseases*,  und  in  these  cu^cs  the  cpiantity  of  phenol  ohoii- 
nated  Ja  generally  increased.  A  nriue  rich  in  phenol  is  nolalwy* 
rich  in  indican. 

The  potaseinm-saltor  indoxyl-snlphnricncid,  which  was preptrc*^ 
by  Bai^mank  and  IIiiirorr'  from  the  urine  of  a  dog  fed  on  ioJ^ 
cryetallizes  in  colorlnnR,  shining  pUtes  or  leaves  which  are  ca^^V 
soluble  in  water  but  lens  readily  in  alcohol.     It  is  split  by  iniDa*^ 
acids  into  sulpharic  acid  and  indoxyl.     Tbe  latter  without 

■  PflOfier'A  Ar«fa.,  Bd.  8. 
•CutnlUI.  I-  d   ined.  WissoaHcb.,  1872. 
'Zcltao'ir.  f.  plijriioS.  CLtua.,  Bd.  8. 

•  Ibi't. .  Bdd.  7  nnd  8. 
»  VircTiow'B  Arcb..  Bil.  70. 

■  S«c  Jaffe,  rilU^r'B  ArcU..  Bd.  8:  Senator.  Ceotrftlbl-  f.  d.  iB«d. 
1877:0.  Hoppv-SMfler,  74Kititch-.  f.  phjriil  >1.  Cb«m.,  Bd.  IS (ooduJdb older  li 
rtaro);  aI»o  Berl.  kiln.  Wod-MiscUr..  1893, 

•  ZeitBchr.  f.  phTsiol.  Cliem.,  Bd.  3.  S.  35*. 
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of  air  passes  into  a  red  conipuundf  iiidoxyl-red,  bitt  iu  the  presence 
of  oxidizing  reogonte  is  courerted  into  iiidigo-liluu:  2(',H,N4)  -|- 
20  =  C„H„N,0,  -I-  2H,0.  The  dotoctioo  of  iudicaii  U  based  oa 
thU  Uflt  fact. 

For  t.]ie  rather  complicated  preparatiou  of  indoxyUsalpUnric  aoid 
as  potadttitim-salt  from  uriue  the  reader  ia  refurred  io  otlier  text* 
books.  l*'or  the  detection  of  iiidic&n  in  urioQ  ia  ordiaary  ciur^s  tbe 
foUowio^  method  of  Jappf.,'  wbicli  uIdo  nerves  as  an  approximate 
teat  for  tlie  qiuintit)'  of  indican,  is  suftiuient. 

jAfPr/H  laHican  Te»t.  30  c.  c.  of  Tirioe  are  treated  in  a  tefit- 
tnbe  with  '-J-.!  c.  c.  chloroform  and  mixed  with  an  equal  volume  of 
concentrated  hydrochloric  acid.  Imaiediately  after  a  couuuutruted 
ohtoride-of-linie  HoIutlQU  or  a  ^^  potassium  pennaiigaDate  eolation 
IB  added  drop  by  drop,  and  after  each  drop  the  mixture  is 
thoroaghlj  Ahakcn.  The  c)ilorofr>rm  \%  gradually  colored  faintly  or 
strongly  bine.  An  excess  of  oxidizing  retigent,  especially  chloride 
of  lime,  interferes  witli  tbe  reaction  and  mnst  therefore  he  avoided. 
The  t^st  is  repeated  with  somewhat  varying  amoants  of  oxidizing 
material  uiitit  a  point  is  fntiud  at  whicli  the  iiiuxiiniim  coloration  of 
the  chloroform  takes  nlace.  From  tbe  intensity  of  the  color  tho 
qnantity  of  indigo  ih  dotcrniinod. 

Obekmavku'  tirfes  fuming  hydrochloric  acid  containing  2-4 
parts  ferric  chloride  per  litre  to  decompose  the  iadicao  and  to 
oxidize  the  indoxyl.  The  urine  is  first  precipitated  with  not  too 
macb  lead  acetate  and  the  tlltrato  shaken  for  1-%  minutes  with  an 
eqnal  Tolume  of  the  above  hydrochloric  aoid.  The  Indigo  blue  is 
taken  tip  by  chloroform  in  thia  case  also. 

According  to  Uohis'  some  indigo-red  ia  always  formed  liesidee 
the  indigo-blue  in  Jafff.*s  indican  test.  Greater  quantities  of 
tudigo-retl  are  farmed  when  the  decompusitiou  o[  tbe  ludicaa  taken 
place  ia  the  warmth  (.see  iJOfiKNUAcil^H  urine  te^t). 

An  exact  determination  of  the  amount  or  indigo  in  nrino  ia  very 
rarely  made.  The  methods  sttggested  for  this  purpose  are  very 
complicated,  aud  even  then  they  are  uot  quite  accurate;  therefore 
the  reader  is  relerred  to  otlier  text-books  for  their  descrlptiou. 

Indol  seems  al.^o  to  pa.is  into  the  nrine  as  a  glycnronic  acid, 
indoxyl-glycuronic  acid  (SrauiBiiBOERn  '].  Such  an  acid  baa  been 
found  in  the  urine  of  animals  after  the  administration  of  the 
Bodium-^lt  of  o-nitrophenylpropiolio  acid  (G.  Hoppb-Seylrr  '). 

Skatoxyl-flulphurio  Aoid,   C.H.NSO,    or    C,H,.N.0.SO,.OE, 

'  PflUger's  Arcli.,  Bit  8. 

»  WtHQ.  kiln.  Wocbensclir..  18M. 

•VfMliow'B  AtcIj..  BU.  123. 

*  Arch.  f.  exp.  P«tl>.  u.  Pbarm..  Bd.  14. 

*  Zeitscbr.  i.  pbraioL  CImbl,  Bdd.  7  a&d  fi. 
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The  potaesinm-salt  of  this  acid  seems  to  occur  generally  is  hunun 
urine  as  a  chromogen,  which  yields  a  red  or  violet  coloring  matter 
on  decomposing  with  strong  acids,  and  an  oxidizing  reagent.  Thii 
salt  has  been  prepared  by  Otto  '  from  diabetic  hnman  nrine.  LitQs 
is  known  of  the  quantity  of  this  skatol-chromogen,  to  which  prob- 
ably also  the  skatoxyl-glycaronic  acid  mast  be  counted,  nnder 
physiological  and  pathological  conditions. 

SkatoxyUsnlphuric  acid  originates  from  skatol  formed  by  putre- 
faction in  the  intestine,  which  is  coupled  with  sulphuric  acid  after 
oxidation  into  skatoxyl.  That  skatol  introduced  into  the  body 
passes  partly  as  an  ethereal-sulphuric  acid  into  the  nrine  has  be«i 
shown  by  Briegeb.*  Indol  and  skatol  act  differently,  at  least  is 
dogs;  indol  prodacing  a  considerable  amount  of  ethereal-snlpbnrie 
acid,  while  skatol  only  gives  a  small  quantity  (Mebteb*).  Skstol 
seems  partly  to  pass  into  the  urine  as  a  skatoxyl-glycuronic  acid. 

The  potassium-salt  of  skatoxyl -sulphuric  acid  is  crystalliDe;  it 
dissolves  in  water,  but  with  difficulty  in  alcohol.  A  watery  solation 
becomes  deep  violet  with  ferric  chloride,  and  red  with  concentrated 
nitric  acid.  The  salt  is  decomposed  by  concentrated  hydrochloric 
acid  with  the  separation  of  a  red  precipitate.  The  nature  of  tbU 
red  coloring  matter  produced  by  the  decomposition  of  skatozyl- 
siilphu)icacid  is  not  well  known;  neither  is  the  relationship existiDg 
between  this  and  other  red  coloring  matters  in  the  urine  known. 
On  distillation  with  zinc-dust  the  skatol  chromogen  yields  skatol. 

Urines  containing  skatoxyl  are  colored  dark  red  to  violet  by 

Jaffe's  indican  test  even  on  the  addition  of  hydrochloric  acid; 

with  nitric  acid  they  are  colored  cherry-red,  and  red  on  warmiDg 

with  ferric  chloride  and  hydrochloric  acid.     The  coloring  matter 

which  yields  skatol  with  zinc-dust  may  be  removed  from  the  nrine 

by  ether.     Urines  rich  in  skatoxyl  darken  when  allowed  to  stand  in 

the  air  from  the  surface  downward,  and  may  become  reddish,  violet, 

or  nearly  black.    Ko^iN  '  is  of  the  opinion  that  no  skatol-chromogE" 

exists  in  hnman  urine,  and  tliat  the  observations  made  heretofore 

were  due  to  a  confusion  with  indigo-red  or  nroroaein. 

Salkowski^  has  slinwu  tbat  tlie  occarrence  of  Atabrf-earboriK  ac£d, (-**"'' 
N.CUUH,  in  normal  urine  ia  probable.     This  is  also  a  pntrefactton  prods'-^ 

'  Pflag.T'3  Arch.,  Bd.  33. 

*  Ber.  d.  deutscU.  cliem.  Gflsellscli.,  Bd.  12,  and  Zeitsebr.  f,  phjdol.  Ck»-'^ 
Bd.  4.  S.  414. 

•Zei'scbr.  f.  physiol.  Cbem.,  Bd.  18. 

*  L   c. 

*  Zoitschr.  f.  pUysiol.  Chem.,  Bd.  ». 
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Aromatic  Oxyaoidi.  In  the  putrefaction  of  proteids  iu  the 
ioteetiue,  paravjyphen^l-acetic  add,  C',II,(011).CJ1,C001I.  and 
paraojyphenyl-pruyidnic  add,  C,II,(01l).<J,lI^.C001i,  are  formed 
Bfroui  tjroBiD  lu  intermeiliato  Bteps,  miil  lliese  in  greut  part  pass 
unclianged  iato  the  urine.  They  were  first  detected  by  Uauuann.' 
The   quantity   of   thf^ec   ooiils  is   usually  Tery   aiuall.     1'hey   ara 

■  increased  by  the  isaiiie  circuinistuiices  as  phenol,  eopeciully  iti  ucuto 
phosphor  us- polsouiag.  iu  which  the  iucretue  is  considerable.  A 
unall  portion  of  these  oxyacids  is  couibinud  with  tiulpUunc  acid. 

■  Uesidos  these  two  oxyuciilt;  which  regularly  occur  iu  human 
Tirine  we  sometiuies  have  other  oxyucids  iu  uriiiBu.  To  these  belong 
homoffeniidc  arid  and  uruleudcadd^  which  form  Lhesp&cific  coustit- 

■  ueiitH  of  the  urine  in  most  ctiBcs  of  alcaptouuriu,  DxyniandrUc  adtiy 
fonnd.hy  Srni'LTZF.x  and  l{Il':^;.s'  iu  uriue  in  acute  Atrophy  of  the 
liver,  ozyhtfdrupnrarmiiaric  add,  found  by  ItLExnr.aMASN  '  in  the 

■  nriue  ou  feeding  rubbiU  with  tyrasin,  t/allii:  acid,  whicli,  according 
to  BaTmakn,*  tionietimes  appears  in  horHe'ti  urine,  and  hijnurenie 
acid  (uiyubiuoliucarbuuiu  acid],  which  has.  only  been  found  up  to 
the  present  time  in  dog's  urine.  The  tirst  two  abovo-aiontioned 
oxyscida,  and  aldo  homogcutisic  and  nroleucic  acids,  will  be  treated 
of  here. 

IParaosyphenylacetic  acid  and  p-oxyphenylpropLonic  acid  are 
crystalline  and  are  boLli  soluble  iu  water  uiid  in  ittliur.  The  lirst 
Dielcs  at  148°  V..  and  thu  other  at  IS^"  V..  Both  giro  a  boautifnl 
red  coloration  on  being  warmed  with  MiLU>N'fi  reagent. 

To  detect  tlie    presence  of  (licwi  ox^ncitl^  pnicve'l   in   tli»  following  way 

(BaDMAIIN)  '.   Wnrtii  t}i»  iiriiin  for  a  »liil»  on  thi-  wntitr-liMlli  ivilli  tiyHrmlitoric 

•cid.  iD  ordrr  \n  drive  ulT  tliu  wlfttile  |ilii<uuls.   AfuT  (»niliii|;  xluilii;  [liruc  tiiiWH 

vitti  «Elicr,  and  tliru   xliikk"  tIii-  i'MIiimvb.I  exirm-u  witU  dlluUi  tvodu  bnliiUnti, 

irliieli  (ImwU-i-ji  thr  tuyamls,  wiiilp  tliu  fesiduo  I'f  llin  plji^riiilit  solultle  in  irllier 

reruBius.     TlicntLaliiin  NnhiLion  of  the  nifKcidii  id  now  TuiDily  KcidiHrd  with 

tnlphiirtciitid,  »iiakcon^iu  witUetUer.  llnT-ftlicr  rt'imivt-d  ftoil  allovie  i  to<'VH|v 

Tut'*,    tht*    r4!n:<)u«   dlssnlvt-d    lit    K    litlln  wHt«r,  -iiir]   [lie   ftollitii)Ii  t<-8tf-d   with 

MiJ.i.i>?t'H  t«ageiit.     The  two  oxyacido  arc  bifet  diflurvaiiaud  bj  tlivir  difTtfraiil 

ttiDlttiig  p'>iiiii).    'Hie  Toader  is  nFerntd  lo  oihcr  worbs  for  the  touthod  of 

iaulKliDK  and  iwparntint'  tbtus  two  oxjaridit. 

hHomogentisic  acid,  O.H.O,  or  C,H,(0n),.Cn..C00n.     This 
id   wua  delected  by  Wolkcjw  and  Baum.\SN.'    They  isolated  it 
>  Ber.   d,  dentocL.   tthcao.  OeeeUsch..   Bdil.    13  wul   U.  and  Zoiliwlu-.   f. 
S^bytriol.  Cbwm  ,  Hd.  4. 

)  Cbem   L'eutralbl.,  lBe». 

>  Keiuchr.  f.  Pby»iol.  CUsui.,  Bd.  S,  8.  «ii7. 

*  IbitL.  Bd   6,  S.  193. 

« Ibid..  M.  15. 
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from  the  urine  in  acasoof  alcuiitotiuria  (see  lielow)  and  shoved 
thfi  characteristics  of  so-Railed  alRiij)Ui[iiiric  urine  in  ihi^  ouae  wecT 
■due  to  this  ucid.  Tliie  acid  has  hiter  been  foaiid  iD  other  csbmoI 
aloaptoiiiiria  bv  Eubdrn,'  Garnteb  and  Voirix/  and  OaiiRS.' 
Olynoaturicfinii,  iaolatod  from  alpajitoiinric  urine  hy  .MABsnAU-'aiid 
recently  by  fJKYoEit,*  boodib  to  be  identical  witli  hoiiiogentieic  icid. 
Tynwin  ia  considered  as  the  mother-BnbRtauce  of  this  acid.  On  the 
introdnetioD  of  tyroain  in  persons  with  alcaptonnria,  WoLKOwaad 
Bai'UANN  and  Kmuj)EN  observed  a  greater  or  loss  iiicrouse  in  thi 
quantity  of  homogentiBic  aoid  in  the  urine.  According  to  \f  ouo* 
and  Baimann  thia  acid  is  formed  from  the  tyroein  by  abnonul 
putrcfiictiTC  proccBBCs  in  the  upper  part  of  the  inccstino. 

Ilomogetttisic  acid  is  that  dioxy  phenyl -acetic  acid  derired  froa 
hydrochinon.  On  fnsion  with  potash  it  vieMs  gontisic  acid  (hyd»- 
chinon-curhonic  acid)  and  hydrochinon.  When  introduced  into  tb* 
intestinal  tract  of  dogs  it  ia  in  part  converted  Into  toln-hydrochinon, 
which  is  eliminated  in  the  form  of  ethereal-sulphuric  acid.  Homo- 
gontiaic  acid  has  recently  been  propurcd  synthetioally  by  Ba[ 
and  I-'bankkl,*  starting  with  gentisic  aldehyde. 

Ilomogcntiaic  acid  crystallizoa  with  1  mol.  water  jn  large, 
parent  prismatic  crystali,  which  become  non -transparent 
temperature  of  the  room  with  the  loss  of  water  of  crystal! intioa. 
They  melt  at  l-HJ.S-l+T"  C.  They  are  soloblo  in  water,  alooht^ 
and  ctlicr,  but  nearly  insolnble  ia  chloroform  and  bencol.  Hoinfr 
gontisic  acid  ia  optically  inactive  and  non -fermentable.  Its  mur; 
solution  baa  the  properties  of  so-called  alcaptonnric  urine.  It 
becomes  grcenisli  brown  from  the  surface  downward  on  the  addition 
of  Tery  little  canstic  soda  or  ammonia  with  excess  of  oxygen,  and  pp 
stirring  it  becomes  quickly  dark  brown  or  black.  It  redace-sslta- 
line  copper  solutions  with  even  slight  heat,  and  aminontacal  fihtf 
solutions  imnietliat«ly  in  the  cold.  It  does  not  reduce  albliai] 
bismuth  solutions.  Among  the  salts  of  this  acid  we  must  oxnitia 
the  lead  suit  coutaining  water  of  crystaLlizatioQ  and  34.79]^  1\ 
This  salt  melts  at  214-215"  C. 

>  Keltsolir.  f.  plirslnl.  C'hmn.,  Bdd.  17  sod  la 

*  \K\i   do  1'li)-Iol..(5)To!D«.4. 
■  Zciucbr.  f.  pti:riiiol.  C'hem.,  BJ.  30. 

*  Sefl  Mulv'H  Jal.reslter..  Bd.  17 

>  Pliunn   7.tf..  6  Aug.  lOS-J.  S.  488-    Cited  from  EatMeo,  Znitadiz.  t  J^ 
loLni«ra..  ]M    IB. 

*  Zt<tuclir.  f.  PbTHiol.  Cliem.,  Bd.  SOl 
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III  preparing  this  »c\A  the  strongly  iicidt6e(]  nrine  is  ebaken 
with  ether.  Tlie  residue  obtuiued  ou  the  distillation  of  the  ether 
is  dissolved  in  water,  tlie  solulioD  heated  to  boiling  aod  treated  with 
A  lead  aceule  solution  (1  :  .1),  luiit  llie  brown  resinous  precijiitjite 
quickly  aepArated  by  (iliration.  The  lead  salt  gradnnlly  crystalliKe* 
froni  tlie  filtrale.  This  is  dccom}>osed  by  enlphnretted  liydrogen 
and  the  acid  obtained  as  cryiitaU  from  the  filtrate  after  CArefullj 
conceutrating  the  filtrate  lliiully  in  vuuiio. 

In  regard  to  the  quantitative  eatiniutiou  we  proceed  according 

to  the  luggestion  of  ItAi'MAKV  by  titrating  the  aciil  witU  a  -    stiver 

solution.      As  re<,'an]a  details  of  this  method  we  must  refer  the 
reailt^r  to  the  original  publication.' 

Vrwlaselo  ««ld.  Cttli.Oi,  U,  KcconliDuUt  UuiruttT,*  pnibsbl7at  rtoiyiilioiwl* 
froploniR  »ci(l.  (HOit.O.U*CU».C[l,.COOU.  TbiB  scld  was  Unit  prF|)«n><t  by 
KiBK  *  from  tbe  urinu  oT  cUIIilruD  witli  alenptondria.  Acoordtng  In  Wulkuv 
aad  BAt'UA.HN  It  is  not  i<l>-iitiCkl  with  liomn^mti^i^  acid.  &iid  hua  n  mi-Iliag- 
pofDt  nt  138*  C.  ODierwine,  m  rvntKiA  to  its  livbavinr  wilti  Mlkklifti,  witli  m;< 
e»n  of  nir.  uid  alwi  wilh  Hlkaliim  ci>p;><ir  sohition*  anil  mnni^niknil  Hllvor  xulu^ 
tkmt.  It  Is  ttiniilar  ut  liomqgeiitlBic  Kcid.  lu  cb«iaicMl  propertitxt  It  I>  wry  ntiii- 
llar  to  g«llic  acid. 

^  TTrinary  Pigvesti  uid  Chromogens.  Tbe  yellow  color  of 
Donnal  arino  dependB  apparently  upon  several  coloring  matters 
which  bare  not  b(wn  isolatetl  and  studied.  Beaido&  these  bodieo, 
UKOBILIK  gomcttmea  ocoars  in  fresh  nunnal  urine,  but  by  no  means 
always.  Instead  of  nrobilin,  nonnal  urine  often  contoiUB  a  mother- 
sobatanoe  of  the  same,  a  chromogen  or  t'KOHii.iNuuEK,  from  wliich 
the  urobilin  is  gradually  formed  by  oxidation  on  allowing  the  urino 
to  Bland  exposed  to  the  air  (Japf6,'  DiSQufi,*  and  othora).  Besides 
this  chromogen,  urine  coulainti  various  other  bodii^a  from  which 
coloring  masters  may  be  produced  by  the  action  of  rhetnicul  agents. 
H  llumio  gnbstances  (perhaps  in  part  from  the  carboliydrjtea  of  the 
"  sriue)  may  be  formed  by  tbe  action  nf  acidg  (v.  llDitXxsZKY*) 
without  regard  to  the  fact  that  snch  anbatatices  may  aometimes 
originate   from    the   reagent*  nsfctl,  as  from  impnre  amyl-alcoboi 

i(v.  UnnAKsZKT  and  IIoppf.-Skyler*).      To  these  hnmiu  bodies 
■  ZeliMbr.  r.  pbfBii>l.  Uheiu.,  lid.  16. 
'  HQppTl-Nfrubauer.  Aimlvsedfs  llnnifl.  10.  Aufl.,  S.  248. 
■  Brit.  M'-d.  Jiiuraal.  IdMimd  18!J3;  J'lurnal  \>t  Aiiui.  miid  PbyaiDl..  Vol.  2S. 
*  CeoLntlbl.  t,  it.  mtHl.  Wljd^iwcb  ,  1&68  and  1^61);  V'ircUow'ft  Arcb.,  Bd.  47. 
*  Znitscbr.  '-.  pltjiiiol.  i:loiu.,  Ud.  3. 
*  Ibil..  Bdd.  11  and  18 

1  lIoi>p«>- Seller.  Ber  d.  deut«cb.  Cliem.  a«llw:h.,  Bd-  IS.uid  v.  ITdriaukr. 
2«itwbr  t.  ptiyaiol  Chwni..  Bd.  13 
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developed  by  the  actioa  of  acid  in  normal  ariae  when  exposed  tt> 
the  air  must  be  added  the  urophain  of  Helleb,'  the  varioiu 
UROUELANixs,  and  other  bodies  described  by  different  inTestigaton 
(Plos'z,'  TnuDiGHUsr,'  Schukck*).  Indigo-blae  (ubooladcw 
of  IIbllek,  uaocYANiN,  CYANURiN,  and  other  coloring  msttenof 
older  iDTestigatora ')  is  split  off  from  the  indozyl-snlpharic  acid  or 
indoxyl-glycaronic  acid.  Red  coloring  matters  may  be  formed  from 
the  conjugated  indoxyl  and  skatoxyl  acids,  and  crobopix 
(Heller),  URORuniN  (Plos'z),  croh^matin  (HARLEy*),  lud 
perhaps  also  uhorosein  (Nenckl  and  Siebbr')  probably  bare 
such  an  origin. 

We  cannot  enter  into  too  many  details  of  the  different  coloring 
matters  obtained  as  decomposition  prodacta  from  normal  urine; 
and  as  the  preformed  physiological  coloring  matters  of  nrioe  lum 
not  been  closely  studied,  we  can  o'nly  discuss  the  most  car^allj 
investigated  urinary  pigment,  urobilin. 

■Urobilin  was  first  prepared  from  urine  by  Jafpb/  This  color- 
ing matter  occurs  in  urine  especially  in  fevers,  and  it  is  therefore 
designated  febrile  urobilin  by  MacMuns:.'  The  arobilin 
occurring  in  normal  nrine  ia  somewhat  different  from  an  optial 
standpoint  from  the  above,  and  is  called  korual  ubobilut  bf 
MacMuxn.  As  above  stated,  a  mother-aubstance  of  urobilin,  i 
urobilinogen,  occurs  in  the  urine,  from  which  urobilin  is  pro- 
duced by  the  action  of  the  air. 

Many  investigators  claim  that  urobilin  ia  identical  with  hvdro- 
bilirubin  (Maly)  and  corresponds  to  the  composition  C„H„K,0,. 
Also,  that  urobilin  is  formed  by  a  reduction  of  bllimbin  in  tbe 
intestine.  The  correctness  of  this  view  is  disputed  by  othen 
(MacMukn,  Le  Nobel  ").     According  to  MacMunn,  hydrol»Ii- 

'  Heller's  Arch.  (2),  Bd.  1.     Cited  from  IIuppert-Neubauer,  8.  S2«. 

'  Zeilsctir.  f.  pliyaiol.  Chem.,  Bd.  8. 

'  Brit.  Med.  Journal,  Vol.  201  (1864).  and  Journ.  f.  prakt.  Ch«m.,  Bd.  lOt 

*  Citi;d  from  Huppert-Neubaucr,  8.  509. 
>■  HM.,  8.  161. 

*  III  regard  to  tliis  and  other  red  pigmenta  aee  Huppert-Nenbauer,  &  9^' 
698. 

'  Journ.  f.  prakt.  Chem.  (2),  Bd.  26. 

»1,  c. 

»  Pmc.  Roy.  Soc.  Vols.  31  and  85;  Bar.  d.  denlsch.  chem.  GeBellseh..  Bi 
14;  Journal  of  Phyaiol.,  Vols.  6  and  10.  In  regard  to  different  nrobilii*  «* 
Bogoiiioloff,  Maly's  Jahreaber.,  Bd.  28,  and  Eichhols,  Joonul  o(  Vhjii^ 
Vol.  14. 

■"  See  Chapter  VTII,  on  Bile-pigments. 
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rnhin  aiicl  urinary  urobilin  are  not  identical  Iradiea,  Ikkkuso  tie 
Obtainetl  uormal  urobilin  by  tlie  action  of  peroxide  of  lijiirogoo 
tpon  a  solution  of  Invnnitiu  in  hIi^oIioI  roiiLuinirig  Hiil|thuriR  acid. 

Pigments  ainiilar  to  urobilin,  though  not  ideTitieal,  hare  been 
nlitained  from  the  hiliiiry  and  blood  coloring  mattors.  Hesidea 
ijfdroliilinibin,  ]»rp!]iMred  by  M.vr.Y  from  biHrnbin,  Storvis' 
Dbtuined  a  cholelelin  from  a  biliary  pigment,  cholecyanin,  liy  the 
Ktion  of  zinc  chloride  and  tinrturc  of  iodine,  or  by  boiling  with  s 
ittle  lead  jieroxide.  This  cholctelin  acu  like  urobilin,  but  that 
Dbtatned  from  bilirubin  by  the  action  of  nitric  iii:id  does  not. 
Bojlies  airailar  to  urobilin  have  also  been  obtained  by  IIoi'pb- 
3eylkr'  by  the  reduction  of  ha'nmtin  and  hjrmoglobin  with  zinc 
wad  hydrochloric  acid;  by  Le  Xoiikl'  by  treating  an  aeid-aloobolic 
Dr  ftikulinc  Kolntion  of  bieiiiaioporphyrin  with  tin  or  zinc;  and  lastly 
>y  Nesck!  and  SiEUKii'by  treating  hnmmtoiiorphyrin  with  zinc 
Bod  hydrochloric  acid.  From  the  obscrrationa  of  Le  Noma,  and 
Neniki  and  SiH»EK  it  follows  that  tbeao  pigments  artiflcially  pre- 
^reil  from  the  blood-coloring  matters  are  not  identical  with  urinary 
Brobiiln,  even  thongh  they  are  closely  retutod  from  an  optical  stand- 
Mint.  It  must  be  left  nndeuiiled  whether  these  bodies  are  identieal 
jrith  each  other  or  with  the  urinary  urobilin,  or  if  the  obserTod 
liffcronce  ja  only  dne  to  a  contamination  with  other  bodies. 

We  bare  numerous  obftor^'ationa  on  the  elimination  of  nrobilin 

D    disease,    especially    by  Jafhe,    Disyffe.    Dkkyki'Ss-Bhissai-, 

Jbeuiasut,  G.  HtirpB-SKVLEK,'  and  others,     necaaso  of  our  im- 

Mrfect  Knowledge  of  the  nrobilin  of  the  nrine  and  the  ubobilin- 

llDts  (this  name  has  been  given  by  Le  Nukel  to  the  snbstonoe 

fimilar  to  nrobilin  artificially  prepared  by  him)  it  is  difScnlt  to  lay 

BUytliiDg  positive  in  regard  to  the  occurrence  of  nrobilin  in  tha 

brine  in  disease.      During  the  ahaorfition  of  largo  blood  extrava- 

tetions,  n^  also  in  diseases  connected  wiLh  dei^trnction  of  tlie  hlnod- 

Sorpascles  or  of  the  appearance  of  metliffmoglobin  in  the  hlood- 

^lasma,  the  nriue  become  dark  in  color,  which  generally  depends 

npon  an  increaaeii  elimination  of  nrobilin.     The  question  whether 

■SviiCliaptvrVni. 

*  Ber.  4.  dcutacli.  (.-bnn.  0«aelliwti.,  Bd.  7. 

•  PllUger'fl  Arcli..  Bd.  40. 

•  MonatsLofte  f.  Clirm.,  Hd,  9.  and  Arch,  1.  cip.  Path.  u.  Pb»nn.,  Bd.  84. 

*  Id  rwptnt  to  tbe  littTiLtiiTo  nu  tins  suhjrct  wr  rvf<-r  ilir  ttadr,i  to  D.  (jttr- 
I,  "  Ueber  llrHmhiliniliiu   nod  wmp  Bi^irljiiri;vii  nam  Ikterus"  (Berlin 

aadalsoO    BoppeSeyler,  VircUoWa  AfcIl.,  Bd.  134. 
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it  depends  on  an  increased  elimination  of  nrinar;  arobilin  or,  u 
is  more  probable,  upon  the  nrobilinoidin  produced  from  the 
blood'Coloring  matters  is  still  doabtful.  la  icteras  the  elimi&atioiL 
of  urobilin  is  often  increased,  and  indeed  cases  occur  in  wUch 
urobilin  is  almost  the  only  coloring  matter  vhich  can  be  detected 
in  the  nrine  (urobilinictebdb).  In  these  cases  we  are  probablj 
dealing  with  a  urobilinoid  substance  prodaced  from  bilirubin  in  tiu 
intestinal  tract  by  reduction. 

Tlie  urobilin  obtained  from  fever  nrine  is,  according  to  Japfe, 
amorphons,  red,  dingy  red,  or  reddish  yellow,  according  to  the 
method  of  preparation.  It  dissolves  easily  in  alcohol,  amyl-alcohd, 
and  chloroform,  but  less  readily  in  ether.  It  is  less  soluble  in 
water,  but  the  solubility  is  augmented  in  the  presence  of  a  nentnl 
salt.  It  may  be  precipitated  from  a  solntion  saturated  irith 
ammonium  sulphate  by  the  addition  of  snlphuric  acid  (Meht'). 
It  is  soluble  in  alkalies,  and  is  incompletely  precipitated  from  the 
alkaline  solution  by  the  addition  of  acid.  It  is  partly  dissolredb; 
chloroform  from  an  acid  (watery-alcoholic)  solution ;  alkali  solutioiii 
remove  the  urobilin  from  the  chloroform.  Alkaline  solutioru  of 
urobilin  give  insoluble  combinations  with  salts  of  the  heavy  metals, 
such  as  zinc  and  lead.  Urobilin  does  not  give  Ohelin's  test  for 
bile- pigments. 

Neutral  alcoholic  urobilin  solntioas  are  in  strong  concentration 
brownish  yellow,  in  great  dilution  yellow  or  rose-colored.  They 
have  a  strong  green  fluorescence.  The  acid -alcoholic  solutious  are 
brown,  reddish  yellow,  or  rose-red,  according  to  concentration. 
They  are  not  fluorescent,  but  show  a  faint  absorption-band,  y, 
between  b  and  Fy  which  borders  ou  F,  or  in  greater  concentration 
extendsover  F.  The  alkaline  solutions  are  brownish  yellow,  yeliof, 
or  (the  ammoniacal)  yellowish  green,  according  to  concentration. 
If  some  zinc-chloride  solution  is  added  to  an  ammoniacal  wla- 
tion,  it  becomes  red  and  shows  a  beautiful  green  fluorescent* 
This  solution,  as  also  that  made  alkaline  with  fixed  alkalies,  ehon 
a  darker  and  more  sharply  defined  band,  <5,  almost  midway  between 
b  and  F. 

Tlie  nrobilins  obtained  from  the  urine  byMAcMuNN  by  another 
method,  and  that  obtained  by  Jaffe,  differ  from  each  other  mainly 
in  the  following:  A  solution  of  normal  urobilin  becomes  deeper  red 

'  Journal  du  pliann.  et  de  chlm,,  187B.  Cited  from  Male's  Jaitnabet-,  »■ 
8,  S.  269. 
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irith  Boda,  vhile  febrile  urobilin  beL-omes  vellow.  The  band  y  of 
normul  iirobiliD  disappears  on  the  ailditiOii  of  idkuli,  while  tlie 
corresjioiiditig  band  of  febrile  cirubiliti  niovftii  Cowiirds  tlie  left.  The 
ethereal  solntion  of  febrile  Drobilin  allows  two  faint  aluorption -bands 
«D  eucli  side  of  D  wliich  are  not  to  be  aeen  in  the  watery  solution 
Dor  in  the  urine.  Febrile  itrobiliti  is  a  brownisb-red  and  the  normul 
m  yellow isti -brown  powder.  Febrile  nrobilin  \&,  according  to 
HArMuNN,  couTerted  into  normal  urobilin  by  potassinni  perman- 
ganate. 

In  preparini;  nrobilin  from  nomsal  urine,  precipitate  the  urine 
with  Iwwic  lead  acetate  (Jafi-k),  wash  the  precipitate  with  wat«r, 
dry  at  the  ordinary  temperutnro,  thou  boil  it  witli  alcohol,  and 
decompose  it  when  eotd  with  alcohol  containing  enlphoric  acid. 
The  filtered  idcoliolic  solntion  is  diluted  witli  water,  saturated  with 
wumonia,  and  then  treated  with  zinc-chloride  solution.  This  new 
precipitate  it)  washed  Uvm  frmu  itldorinu  with  water,  twileij  with 
Bicobol,  dried,  dissolved  in  aiiitnuuia,  and  tbib  eoltttion  pn>cipitiitcd 
TPith  Hiifpir  of  lead.  This  preoipitiitc,  which  ia  washed  with  water 
«>id  Ixiilcd  with  alcohn],  i.4  decuniposcil  by  alcohol  rontiiining  gnl- 
jthuric  aci<l,  tlie  liUcred  alcfiholic  solntion  lit  mixed  witii  i  vol. 
ahloroforni,  diluted  wilb  water,  and  eliuken  repeatedly,  but  not  too 
flnereetioally.  The  urobilin  ia  taken  up  by  the  cliEoroforrti.  This 
lost  13  washed  once  or  twice  with  a  little  water  and  then  distilled, 
leaving  the  urobilin,  which  id  pnriGed  from  a  conttimtnutiug  "nA. 
coloring  matter  by  meana  of  ether. 

Accunlio;;  c*  J.vkvb;,  Itie  cnloring  uiAUer  cun  Utt  Jlrectly  pr"ci|tiUiied  from 
a  tpr<  r  iiTiiio  riirli  in  umliilln  by  ncniiinniti  waA  ainc  eblnriiltt.  hihI  tliis  pirriri- 
bil*  tri-*tcHl  U.H  AlHiro.  MsHT  Taiii'lj  Mt[<lIBc«  tlie  urlnr  w)tli  Kulplmrio  n«id 
{1--  iiniiM.  [wr  lilt«|,  then  sitiumti-n  tvill)  Kiniuuiiiiiui  tiul|ilint*>,  wuAlivii  tlir  pm. 
eipiuiu  ou  a  filler  wliLi  ao  ai-ldllieil  aiaiixiDiuoi^ulpIiato  aoliiti'm.  pri^HCH  ill* 
ilt«r.  Ai)<l  etlracts  \he  oo\ani\^  matb'r  with  abiioliil"  afcihnL  aC  a  (?(!mle  lieat 
.p,flaT  lb<s  adilitiun  of  u  few  <lr>ip'>  of  aiumouia.  M.trMrNN  precipituu-a  ilia 
urine  wli)i  <^\i^»t  of  Ifnd  i<n<l  linbic  l<'<fl  iirt>tiit«^,  cloi'onipiiKi's  [|i«  pr  ripllate 
with  Mrtilit'iMi  aliriihol.diliitt^a  the  siilutinn  wiili  wAlt-r.  Khnki-n  wiib  flilriMform. 
•vuiHirali-N  iliiH  Itwl.  sini  <Ji»Milvcx  tin;  rf-wilmt  r<-|)^-iiti''llr  witb  clilornfiiinn. 
The  ni(thoi)  at  pr^pantii^ti.  Ncoinliag  to  MacMdmii,  U  ibo  Mnw  tot  Iwtli 
■mliilimt.  tlio  normnl  udU  the  fubnl« 

The  color  of  the  acid  or  alkaline  aolntion,  the  beautiful  fluones- 
oeoM  of  the  aiiim»niHC»L  solution  treated  'nHth  zinc  chloride,  and 
the  mbeorption-buuUij  of  the  et^ectrum,  all  serve  as  means  of  detect- 
ing urobilin.  In  fever  urines  thentobiliu  may  be  detected  directly 
or  after  the  addition  of  iiinmuiiia  aiid  zinc  chloride  by  itii  t<[>ei.-trnni. 
It  may  pIso  he  detected  somtitimeB  m  normal  urine  directly  or  after 
the  unue  has  stood  ex]>oged  to  the  air  until  the  chroinosyeit  has  been 
converted  into  urobilin.  If  it  cannot  be  detcctej^l  hy  means  of  the 
spectroscope,  then  the  nririe  nuiy  be  treatpil  with  a  minernl  acKJ 
Bnd  shaken  with  ether.     The  ethereal  Holntion,  directly  or  after 
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concentration,  maybe  tcstud  with  the  apectroecopa.  Itisoftsnbet 
to  diseoli'e  the  residue,  'after  the  evaporatiou  of  the  ether,  in  abw-] 
lute  alcohol,  and  use  this  for  the  spectroscopic  investigQUoB.' 
According  to  Sai.kowski,  tlie  urobilin  may  l»e  directly  extracted 
by  geully  sliakiug  witli  ether  free  from  alcuhul.  If  the  urobiliu 
cannot  be  deteuLed  by  the  above-described  methods,  then  precipi- 
tate the  urine  with  busic  luad  acetate,  dceompoee  the  precipitale 
with  iicidided  alcohol,  test  this  anltitioii  or  eilruct  the  coforing 
matter  by  diluting  with  water  nod  shukiiig  with  chloroform. 

In  the  qnantitfttivo  eatimation  of  urobilin  we  proceed  ai  foUowi, 
•coording   to  <«.    Hoppf-Skvlkr:  '     100  c-  c.   of   the  urine  »r> 
aoidiiied  with  sulphuric  acid  aud  saturated  with  ammonium  bhI- 
phate.     'Die  precipitate  iu  collected  un  a  filter  after  souiu  time, 
washed  with    a    siiturated    soliitioti    of   umnionium    sulphate,  nud 
repftatedly  extraf^tud  with  equal  partR  alMhol  and  chloroform  ftflrr 
pressing.     The  liltered  solution  ia  treaterl  with  water  in  a  sepan- 
tory  funnel  until  the  chloroforuj  ueparateB  well  ami  becomes  cleir. 
The  obloroform  solutiou  is  evaporated   ou    the  wuKr-bath  in  i 
weighed  beuker,  the  residue  dried  at  100"  ('.,  aud  then  exlraetod 
with  ether.    'L'tie  ethereal  extract  is  liUered,  the  residue  on  the  tiltw 
dinsolvod  in  alcohol,  ami  traiififorred  to  the  beaker  nud  evapomtwl, 
thpn  dried  and   wpi^hed.     AcrorJing  to  this  metho<l  (i.   Uon'B- 
Seyler  found  (>.0H-<l,14  grin,  urobilin    in   one  day's  urine  of  a 
healthy  person,  or  an  average  of  0.  L23  gnn. 

The  real  yellow  pigment  of  urine  has  been  only  slightly  infrtii- 

gated.     Thiti    pigiiietit   has   buen  called    L'BOCBROM    by  (.lARBet',' 

which  natiie  liaD  bucu  used  by  Tiivdicui'm  earlier  to  desiguntv  > 

mixture  of  pigments  and  other  substances.     The  pigment  Uutated 

by  (tARKOD  by  a  ratlior  complicated  method  was  amorphous  bro*>), 

very  easily  solnljle  in  water  aud  ordinary  alcohol,  less  gohible  ia 

abdolutu  ulcoliol,  and  insoluble  in  etber,  chloroform,  and  beuxol.  h 

shows  uu  abborpLion-buuds,  and  does  not  Huoredoe  on  the  addltios 

of  ammonia  and  zinc  chloride. 

tJraer^thrin  is  itiai  folnrin^  mUlrr  whiali  often  colors  the  iirlDu?  t^ 
uient  iMflimentum  tiitm-itium)  ixiniitifiilly  r«(i.  It  occurs  Mpacialljr  in  f«M> 
kud  utlier  diseaw^,  l>ui  U  is  idxu  funu^l  in  tLo  urinu  uf  porfvetly  liMitiliT  f^ 
sons.  Its  solotinD  is  roLortx]  ^reen  by  nlkalW  and.  Moordlng  to  AtM^- 
shows  n  Htrong  nbtMir|>tiaD  btiginiiine  ketwrtMi  O  and  K  and  eSl<-adiui;  Vif- 
Tills  ab«»rptii)ii  coimi-ti^  nf  two  bsntlM,  of  wljleb  lL«  od«  at  Fl*  tliH«iP«C 
Unxtrjilirin  dlAsolvRn  resdlly  in  amyl  nleolinl.  flAitRUO*  bsa  annf*'^^ 
metltod  fur  obt^nlnK  iiraeryllirin,  and  hns  ^ven  (urtlier  eoDtrtliDtlonn  Ur^' 
dvtecilnn  of  the  Rame.  A(t«ntioii  is  called  eerwciaMy  lu  clie  well^knom  ^P* 
•ny  uf  uroerytbrin  of  being  bluiacbud  oo  vsposurv  lo  ligbt. 

'  VireUow'B  Arcb..  Bd.  IM.  

«  Proe.  of  Koy.  t^oo..  Vol.  05,  16W.     See  slso  Tbaditihou.  Brtt.  Med.  '«^ 
nal.  18M,  Vol.  3:  Jonmsl  f.  prakl.  Cbnm  .  M.  IfH. 

*  Arch,  ilel.di  cIioim  incd.,  1H93;  alsof-cntratbl.  f.d.  iDsd.Vriaeen»rli..  H** 

*  Jouroal  of  Pliy-'iul.,  Vol,  17. 
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Volatitf  faU]/  ocuI$.  nncU  m  formln  leld,  BM-tic  BCld,  and  {M-rbsitfl  tlso 
Imiyrii:  add.  rrceur  uad^r  nonnal  conditions  in  hniiiin  arinf  (r.  Jakhck  ').  ^Iem 
to  tbnt  at  doin  nnd  lii^rbTri^rit  (Sniorrex*).  The  acAf  iKxire^i  in  i-arlxiii,  Htich 
lu  formic  Mc-td  iinil  mrctic  «rid,  arv  itinre  cnnntant  in  tii(>  liody  lh«n  tii"!^>  rinlivr 
in  carbou,  unl  tlirrrforr  (lio  ri'lntirvljr  graatrr  p«rt  of  tlinsfl  ptua  uneliBngcd 
into  the  urtiii^  (8<-n<rtTRFt).  Normal  liutimn  iirioo  oniainfllMraiiJus  tli<-ae  Ixxjiea 
ntlinni  wliirh  yMd  kortic  acid  wIkii  oxiiliKw)  by  TmUcxiiim  dlotiTniiinl«  nnd  KUl- 
ptiuric  B.i.'id  (V.  Jaksch).  Tbc  iiukuiitj'  of  voJmUiv  fully  acidi>  :n  uoritiBl  nriiM 
is.  nceordinir 'o  V,  .lAKMrti,  0  UUS-0  00^  grm.  iitr  24  hnijrn.  am]  sr'-onliiif  to 
V.  I{oKlTAK»KV.>  O.UM  prni.  The  quuilllr  ■■  inrn-nNril  by  pxr'uoivti  ra.riiia. 
oeoati  fuod  (Kukitashxy).  bIoo  in  fever  nnd'  In  crtain  diwauea  uf  tlii-  livur 
(T.  Jakhcu).  It  laalsA  inrrcAsed  In  leiicffimia  and  in  mnny  cisen  i>f  ihal>«t44 
(v.  JarWII).  Lnrt:anmnuntiiof  Tolniik-  fni-ty  iirtdiAni  produced  in  alkaiica  for- 
luniitiLtictn  of  ibi>  nriuc,  uid  tlu>  qiikntily  i*  0-lS  linMS  «»  lug«  m»  in  normal 
urliii'  (Salruwhki'). 

Par-ilielu:  Aei^l      It  Ih klalmed  that  tliln  arid  nrcnrA  in  lh«  uriiw  nf  lirnltliT 

Sraorn  afier  very  faiinuinK  luurclieH  (Cui.asanti  hhiI  Miisi;atri.I.i').  ll  w 
jrid  In  lari^iT  SI0OUDI9  \t\  ilie  uHu"  iii  acut«  ])ltnH[))i(truti'p»iiiutd»^  ornrule 
y«ll(iw  alTupliy  i-if  iLr  liTcr  lSi'iiri.TZK?<  and  BrR»A*).  Aerorditijf  to  the  inrrs- 
tijpiliiinHof  lloi-t'K  Skti.kk  and  Araki.'  Incticacid,  bHaid«4i  hukat.  pK<Mwa  into 
ibnurinD  ueiwn  ks  ibc  •iupidy  of  uxygon  iBdocrpattediii  anyway.  MtNKowitKi' 
hu  shown  thaf.  Inctic  acid  occars  in  tho  urine  is  Urg«  <)nantitir«  on  thr  ntir- 
[Mlian  of  tbn  livr>r  i>r  liirdK. 

Oistrero-phorphvrie  nnd  occnrt  a*  tr«em  In  tbv  orine,  and  it  la  proliabljr  a 
dMroinponitkin  prmlnct  nf  l»cll)itn.  TIm  DeonmiiM  of  uttedMie  aetd  In  nonnnt 
uriue  U  tbe>iul>JL-cL  of  diacuattion. 

Carbo}iydra(rs  and  /ttdttcing  Subftarmts  in  the  Vrine.  The 
occurrence  ot  grnptsvgar  as  truces  in  iionnal  urine  is  highly  prob- 
able, an  tbe  iuvoecigatioDg  of  BkOi-kh,  Akklbi^,  and  v.  [TnKANS.ZKT 
dhow.  The  last  investigator  has  itlso  shown  the  habitnnJ  nccarrenco 
of  carbohjil rates  in  the  urine,  and  their  presence  has  been  poeitivel/ 
proved  bj  the  iuvestiKatiou*  of  IUimasx  and  Wkdrn'ski,  and 
especiitlly  by  Baisch.  Besides  gluooeo  normal  urine  oontai&a, 
according  to  Bai^ti,  anotlier  not  well-stndieil  variety  of  ragar, 
probably  ieoninltose,  and  besidea  tbU  a  dextrin-like  carbohydrate 
(imimut  gum),  as  ahown  by  Lavi>wbhr,  Wedenski,  and  BAtHrn.* 

Besides  traces  of  engar  and  the  previously  mentioned  reducing 
sabfltancei;,  uric  aoid  and  croatiuia.  tbe  urine  coDtuins  still  other 
rednuing  sulsUinceg.    These  last  are  probably  (FlOcsiobr'*)  con- 

>  Zcttnclir.  f.  phyaiol.  Ch«in.,  Bd.  10. 

*  /ft«(.,  IW.  7. 

*  Wien,  vaf-d.  JaUrb..  ]t);<7:  cit4>d  from  Malf's  Jabniber..  Bd.  17. 
•ZnitMclir.  f.  pbytiiol.  Cbeu.,  B.I.  13. 

*  Molffscbntt'*  rnlBmucli.  lur  Xntti rlahra.  Bd.  14. 
•Oliem.  CentralI.!..l8W. 

*  Zuiutchr.  f.  pliy»ii>I.  Clieu.,  Odd.  15.  16,  17.  and  19.  Irisawa.  Oid..  Bd.  17. 

*  Arch   r  «tp.  I'atb.  a.  PUnn.,  Bdd.  31  and  81. 

*ZcilMbr  f.  plivittnl.  i'liAu..  B<ld.  IS.  10,  uid  2U;  Tnupel.    ibid..    Bd.  16. 
TbdM  arliclra  rouUin  n^fc^rrnni--^  to  tlut  work  of  otber  tnvGBttgntorB. 
■■  ZeitMhr.  L  pliyaiol.  CbMa,,  Bd.  fi. 
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JQgated  combinationa  of  glycuronic  acid,  C,H„0,,  which  clofldy 
resembles  sugar.  The  reducing  power  of  nonnal  urine  corrcspondi, 
according  to  various  investigators,  to  1.5-5.96  p.  m.  grape-sugar.' 

Glycuronic   Acid,   C,H,.0,  or   CHO.(CH.0H),.C0OH.    Thii 
acid  may  be  converted  into  saccharic  acid,  C,H,,0„  by  the  actioD 
of  bromine  (Thierfelder'),  and  it  seems  to   occapy  an  inter- 
mediate position  between  this  acid  and  gluconic  acid,  C,H„0,.    It 
is  a  derivative  of  glucose,  and  Fischer  and  Piloty  *  have  prepared 
it  synthetically  by  the  reduction  of  saccharo-lactonic  acid.    Farther 
reduction  yields  gnlonic  acid  lacton  (Thiehfelder).     Glycuronic 
acid  is  an  intermediate  metabolic  product,  atd  it  only  occurs  in  the 
urine  when  it  is  protected  from  combustion  in  the  animal  body  by 
combining  with  other  bodies.     Such  conjugated  combinations  vith 
indoxyl,  skatoxyl,  and  phenols  occur  probably  normally  in  very 
small  qnantities  iu  human  urine.     This  acid  as  conjugated  glycu- 
ronic acids  passes  in  large  quantities  into  the  nrine  after  the  admin- 
istration of  various  therapeutic  agents  or  certain  other  substanoee. 
Thus  ScHMiEDEBEEo  and  Meter*  found  campho-glycnronic add 
in  the  urine  after  partaking  of  camphor,  and  v.  Merino  '  showed 
the  presence  of  urochloralic  acid  (see  Accidental  Constituents  of  the 
Urine)  after  the  administration  of  chloral  hydrate.     According  to 
ScHMiEDEBERO,'  glycuFonic  acid  seems  to  occur  in  cartilage  becanse 
it  is  contained  in  chondrosin,  a  cleavage  product  of  chondroitic- 
snlphuric    acid.      It    is    also    found    in    tlie   artist's    color "  jaune 
indien,"  which  contains  the  magnesium-salt  of  euxanthonic  acid 
(euxanthon-glycuronic  acid).     On  lieating  this  acid  with  water  to 
120-125°  C.  it  .splits  into  euxanthin  and  glycuronic  acid,  aud  it  il 
the  most  available  material  for  the  preparation  of  glycuronic  acid 
(Thierfeldkr).     Another  acid,  isomeric  with  the  ordinary  glyon- 
ronic  acid,  lias  been  found  in  the  urine  in  certain  cases  (see  Acci- 
dental Conetitnents  of  the  Urine). 

Glycuronic  acid  is  not  crystalline,  bnt  is  obtained  only  as  i 
aynip.  It  dissolves  in  alcohol  and  is  easily  soluble  in  water.  If  the 
watery  solution  is  boiled  for  an  hour,  the  acid  is  in  part  (20^)  co°' 

'  See  Huppert-Neubauer,  8,  72. 

'  'I'he  works  of  Ttiierft-lder  on  g'lycuronlc  acid   are    found    in   Zeitacbt.  '■ 
pli^eiol.  Cbem..  Bdd    11,  13   and  15. 

*  Bar.  d.  deiitsch.  chem.  Gesellscb.,  Bd.  34,  S.  621. 

*  ZeitBclir.  f.  pbysiol.  Chem.,  Bd.  3. 
'  Ibid  .  Bd.  6. 

*  Arch.  t.  exp.  Path.  u.  Pliarm..  Bd.  88. 
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verted  into  tbe  anhydride  OLTccitON,  C,H,U,,  wfaioh  is  oryatalline, 
solnbte  in  water,  but  inisoliible  in  ulcohol.  Tlie  alk&li  ealts  of  this 
acid  are  crystalline.  The  neutral  barium  iuilt  la  amor2)bouB,  soluble 
in  wateff  but  is  precipitated  by  alcohol,  it  a  concentrutod  aolutton 
of  the  acid  is  saturated  vritb  bariiiin  liydnite,  the  busio  biirinm  s^c 
Bepanites.  The  neutral  IbjuI  salt  i^  Huluble  in  water,  but  the  ba^c 
sail  is,  on  the  contrary,  insolnble.  The  acid  is  dextrogyrate  and 
reduces  copper,  siUer,  and  biannith  wdts.  It  doeti  not  ferment  with 
yeast,  (rlycuronlc  acid  gires  the  fnrfurol  reaction  and  acta  like  a 
pentose  when  t«eted  with  the  phlorogliicin-hydrochloric-uoid  test. 
With  phenylhydmzin  potasdiiim  glyf.uronate  given  ii  flaky  yellow 
precipitate  of  microscopic  needles  which  melt  at  lU-Llfi'^  C. 
(Thierpei.der).  T6e  BtalKmenta  in  regard  to  the  beharior  of 
glycnronic  acid  with  this  test  are  very  conlradirtory.* 

All  conjugated  glycuroniu  acids  ure  la^vo rotatory,  while  glyca- 
ronic  acid  itself  ia  dextrorotatory.  They  are  split  into  glycuronic 
acid  and  the  several  other  grnnps  by  the  addition  or  wat«r.  A  few 
of  the  conjugated  glycnronic  acids,  Kiich  as  the  nrochlomlic  acid, 
rednce  copper  oxide  and  certain  other  metallic  oxides  in  alkaline 
solntion,  and  therefore  they  niay  interfere  with  the  detection  of 
angar  in  the  urine. 

Cilycuronic  acid  may  be  preptirei]  from  '□rochloriiUc  acid  or 
campho-glycarouic  acid  by  boilmg  with  u  mineral  acid.     It  may  be 

frepured  more  eiuily  by  heating  enxanthonic  acid  with  water  iu 
•ifiN's  digester  to  120-1^5°  C  for  an  hour  aud  evaporatiug  the 
watery  solution  at -(-40°  0.  The  anhydride  which  crystallizes 
gradually  ia  reniored,  tlio  mother-Hquor  dilutied  with  water  and 
boiled  fnratimo  to  convert  a  eccond  portion  oraidd  intoardiydride, 
and  Ihtn  evjiporateti  at  about  -f  40"  C  This  ia  contiuned  until 
nearly  all  the  acid  is  converted  into  nuliydride.  The  anhydride 
may  then  be  farther  purified. 

Or-janif.  amhinaii-m*  c<inlmn!n'j  mlphur  nf  uokoown  klni].  ivhicli  mnj  )n 
Kiimll  i^rt  coneist  «f  tulfihoq/ahitiM,  0.04  (M^«CUEll)l.eK')-0.1l  p.  in.  <]. 
Ml'.xK),'  ryftin.  ur  b<Kli(^i^  r«'lHf.i«l  Uj  ii,  miil  pnUrin  btnlifg.  mo  found  in  liuiu«a 
tn  ivuU  as  iu  auituaL  urinco.  L.^NU*  lia.'i  showo  liinl  uitril*.*'!  of  the  tAtty  Eerti'S 
ffliffti  anitt^  will)  briLmcyanie  Mid  tn  the  animnl  body  Ar«  convortnl  into 
•iilplioi'vatiiilitti,  nml  pn.'ui  tL»  nucli  int"  tin*  iirinn  'I'liix  niilprliocvfiiiiJe  iiri);- 
iuat«e,  il  BOL<m«,  trom  tlio  r«H<]ilv  vleavablo,  iioD-usiiii«Ll>1u  Bulpliur  of  tbo 
prouiid  bodii^s.  which,  u  P.\bi. i!ia,EH  (HHtl.i  IiusBbowu.  readllir  c-otiTcrts  jiaXa»- 

■  la  r«gw«l  to  litfintura  iwe  Himjiuantvu,  ZeiWoLr.  f.  phfiilo].  Cliom.,  B(L 
IS.  6   SO.  and  Rom.  ibid..  Bd.  1&.  S.  fi3Q- 

•  I'fllljlftr's  Arc!..,  Bd.  U. 

*  Virobttwa  Arcb.,  Bd.  60. 
•Arch,  f   eip.  Patb.  u.  Fbarni.,  Bd.  84- 
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slniD  c^aDid?  into  alkali   aalpttocyoiiido  in  nn  nlkftJim'  nkcUoD  uid  •(  tl 
peratii'ro  of  tlj<;  hodv.     Tbi.i  amirlo  ncid!'  nl  tlic  faur  seriM  to  tb«  hodf  I 

Erobuliljr  oxicliKfld  tit  tiitrileii.  wliicli  Mre  ibpii  InumtonaBtl  ioto  Kuliiiincruidci 
y  iliu  «u1pbur  uf  il>e  jirutifiiifi.  Tlie  &iil[>liiir  oT  these  luostly  unknowQ  i»ai- 
binatloDsliubeoncallvd  "  neuiml."  totjlfferemiaieit  rmm  the  "  add  "iiul[>baT 
«ril]e>iul^bata&tid<>tberuiil--<ul|)hiirlc  nriilstSAl.KOWitKi  ')■  'I'b«  tiviiira]Mil)ibur 
In  Dorniiil  urine  n-*  HftirininiKl  br  H^i.kowhxi  i»  19^,  by  81  ADTiiAaKN  *  IS.}- 
1^5l(.  and  b;  I.^I'INC  2M  uf  Die  ii>tal  nul|>ljur.  Ill  starvatioa.  &ccor\lijif  to 
Fk.  Mi-i.l.KR.*  llic  nbsoliiUi  mill  i^lutivi' liinntiliiM  incron-^.  Acr"«Jtnc  la 
HKyrrKtt*  tli*  uuantltt  in  f;rr«[pr  w^tli  a  bmu*]  dipt  tlian  witli  it  nipat  >li«t, 
Eic«»-sivi;  uiuiwular  uxiTciaif  lucrtiuies  iW  eliuiluRiioti  uf  ib«  avid  lu^  w^ll  aiih* , 
neiitnilsniiiiiiir,  *tiH.a<TO!viliiif  lo  ItKCKanii  HKN»ailKT.*llie  ibrn-iLsi'  in  nniinl 
aalpliiir  lAKeu  pWr  earlii;r,  A«nniiuf;  to  I'liiUMil '  Hiilphiir  mUfii  iiilnidiirMlii 
tbe  budy  Ittcreftses tbt>  vlliuinatlonDr  neutrni  sulptiur^  ind<^«<I.  aboiil oiii-  four' 
ofibeRiil  I'll  11  r  absorbed  in  ilieobiiKnliiry  ifl;>tr  |>afiw«intoormiiirfy.ii>biiiatk«)| 
not  uiidiuiblc  by  nilhc  nrid  nl<>iii>.  Aocnnline:  b>  ibo  iiivosli^aliona  of  Vii\ 
Hmitu'  it  in  priilinbLi-  Lbnl  l.be  laoxt  tiiioxiilixiililn  [lart  of  tb*'  lifutial  fulpln 
occurs  asnal|ilir-firiilft.  An  iBcrr^M.-d  elliiilnatioti  of  n^iiirnl  sulpbur  Las 
ohiuTVivt  in  piirioMs  cli!«-a.->«-»,  siicli  itn  piiniiliionin.  i(-t4Tiiw,  niid  ryxiiiiiiria. 

Tbc  loiiil  i|iiuiiliiy  ')riiul|>buf  In  tlit;  uriiii-  L-t  Oetermiiu-d  by  ftittiaf;  tbvEplili 
uririnry  rc»b)u»  ^vitb  Raliiit-ire  and  cauxifc  alkali.  Tlie  quaDtlty  of  iM-utnlj 
■alpliur  la  detcriTitind  o.^  tbc  difTvn^nca  belM'««b  llii.*  total  tmlpliur  anO  lliaj 
aulplinr  nf  tbt<  HiilpiiiLtf  nni)  etbcroal^Hiilpbiirii:  acida.  I 

SulpfiuriUf'f  hf/<(ro'jtii  iH'curs  In  iiTiite  oa\j  undrr  ibDonnal  coodHlmf  ar] 
■A  A  d^cDinpoAlti'in  pntiliirl.  SiiLpbdrrif^  bydm^n  mar  be  produivd  Inn 
thrr  iK-iiliai  Milpbiir  of  Ibi'  iirK'iuii-  !>ui«lant'r.s  iil  tlie  iinnD  by  tlt»>  nrtiim  rf 
c*riain  bwlwia  |Kh.  Mi-i.i.EH,*  Sai.Khw-ki"  1.  Other  invwt)sa'tur>  haTfjl»«i 
kj/p-  mUfifiiUf  BH  tbe  sourcv  o(  tbo  sulpburelt'd  bydrogBD,  'I  bu  "nnm-naof 
byfio.iiilpliiti^  in  Dormnl  buman  nr^np.  wbich  is  AM«ned  by  HEFrrBD,"!! 
di»piir»^d  by  8*i.piowi'Kr  "  niiH  l'nK«cii."  Mrp<i*iutphitMi  (lo  or  coBstUll^  >b 
cat's  urine  and.  ili  a  r<ili>.  also  in  dug's  iirinc. 

(trffitnie  comiiiniitious  (^vntii-iuiag  pho^p/n'ritt  (glycfnvpbosplioric  acid,  »*e.,\ 
wbi«b  yti.'ld  pboKpliiiric  nciiJ  <>n  liiKiti^t  vriib  cjilt^ii-ti«  and  rauaiic  alkali,*'* 
al»o  fuund  in  urine  (l.£i-i»F;,  Eymoknet,  aikd  Ai  rert'*). 

SmyviM  of  vurioiiH  kindfl  liar(>  ivcn  IsAlalrd  frnm  tliA  urinr,  Atofag\%e» 
wa  mar  menlinn  ytjitin  (HrCckii  "  mid  otburb),  tliuilatie  tntgrne  It'oiixiilUl" 
•ltd  oibcrb),     Tliv  occiiTrenc«-  <if  r<>nnin  and  trypsin  In  tb«  urine  la  doubtfal." 

I  Virchow-8  \k\\.,  Ud.  613,  and  Zeltachr.  t.  pbysiol.  Cliem  ,  Bd.  Pi 
»  Vireliow'a  Arcb..  Bi.  100. 

*  C'luipt.  rend.,  Tuhmmi  frl  and  97. 

*  Bt-rtiii.  Itlin.  WoclicnBiphr..  18S7. 

*  Pfl11jr*r'«   \tc\i.,  Bd.  88. 

*  Maly'a  JaliTwIier..  \V\    ii.  S  338. 
•>Vin;li"w'»  Arcli..  lid.  119. 

*  ZeitMrbr,  t.  pbyaWl.  dicui..  Bd.  17, 

*  Berlin,  kiln.  Wochonaclir. ,  1887. 
"  Piin..  1888. 

"  HllQger'ii  Arch.,  Bd.  88. 
'»  Ibid..  Bd.  8». 
'•  Virrbow-!.  Arcb..  Bd.  119. 
'**  Uompt.  rend..  Tome  98,  and  Campt,  rw>d.  d»  la  ooc.  <]«  Biol., 

1684. 

■■  Wicn.  :iitxungsbcr.,  Bd.  48. 

"  Vircliow's  Arch..  IW.  28. 

"  In  regard  to  the  llt«rattiTe  oil  ensymea  in  the  nrine  se«  Tlapfieft-Sc** 
bauer,  p.  SSH. 
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Ittmffar  Ui  mucin  (riuelvKinlbuiiiiijIj  fr>>m  <la'  u'^iniir^r  iiacHuu;<-i>  iiiid 
We  ^nffnllv  pr<--.ietit  iti  iltn  ll^inl^,  ilictugh  In  vi'ry  nmnll  quantitii^. 
Acrordfog  to  severtkl  invnligBtor*  tionuftl  buuiAU  urine  alsu  cc^nlaius  trnct-a  uf 
protritl. 

I^lamairtfa  and  Uuffimaiiua  or  i>oifionons  EubiitancABaf  an  unltnnwn  kind, 
wliicb  ara  oflou  deacriLiMl  a«  alkalijidal  sulistHoam,  occur  in  norniBl  ur  ue 
(I'OiXHKT,  BuLTt'HAltU,  Ai^uctu.  and  otli'-rc).  L'ndpr  pntln^lngtcnl  cimilitiotiB 
tb*  quautii)'  of  llioso  HubeuiDcos  may  Ifc  inivrvuHMl  llloixiiMtD.  Lki'Im:  and 
4}ritniN,  Vii.T.iKfi-t,  Bud  oili*rr«].  Witliin  tliiT  l)t>t  fi-ir  ,(uan  i\iv  |>ciiiu]iK>us 
pnijH-ctinK  of  UTinn  bavv  bren  tliv  aubjpc:t  iif  tuiim  llir>ninf!]i  invt^Iigatian, 
Kipeviall;  \yf  Boixhahd.  H<i  fvuud  tLai  v\\v  uif^lit  iiriiiu  ia  1es.t  poE^ciiiou* 
than  lti«  day  iirlni'.  aiid  that  the  poiiionnaa  cnnsiitaeniH  orthoday  and  nifcbt 
urtnea  bave  not  tbe  kuuh  acliuo.     In  order  lu  \m  abia  lu  cniiipare  lliir  toxiditj 

ttif  il>«  uririv  utiijur  iMUvt^m  cmditions,  Buuliiauu  li^eTuiiuvs  ibv  t'liuruxic 
roEPFKiiiKT,  wLicli  is  ilio  wcigiit  nf  rabbit  iit  kih>»  w-btcb  is  killml  bv  tb« 
qmnitxy  of  uriitf  cxcrrlcil  by  one  Icilo  <if  the  [x-nwin  ci;prnmciiMil  tiiniii  in 
24  himfH,' 

HacmaNN  ani)  V.  ^Duj?cr^KKy'  hnvb  Khnwn  that  pinttiain^^H  iitay  onnir  In 
llie  nriiti!  undi-r  iiatbolngical  cunditiunii.  Tbejr  dumousLriilrd  lb«  prt-jicncR  of 
the  |wu  |>  ouiiiiiim  di»co»'*rpd  and  fir*l  isolstecl  hy  Brikokk— })uCr«*riM«, 
C,n,iNt  (tvtranietUyleadi&niiii),  and  eadtiverin,  Citi.tNi  (penuiiTi«tliyl<>ndi- 
amii))— ia  Ibo  nnne  of  a  imtii^nt  8ufT«nDp  frora  cyftinuriaand  a^atJirrb  of  tbo 
bladdrr.  Uailavi-nn  has  liil*-r  bepn  found  by  STAliriiAtiKN  and  IIkikuku'  in 
lliv  uriDL-  ill  tttu  cas^it  of  c  VKlinuiia. 

UitlKURB.  V. I'DitXNXKKY  and  ttATUAN-V.  and  ^adtfiaokk  hnrm^bown  ttist 
nolonly  these  but  nlbi-r  diumina  tic.  ur  under  plivwiuiiiyiwi!  ly editions.  The 
ocearreoce  iu  noriiial  urine  id  any  "  wiu«  puiton  "  in  dent«>l  by  ci?rtiiiti  itiri«ti- 
falora.  ao'-b  a*  Staj»tiiaok.\.*  The  polBi-nou^  uciii>n  of  lb«  urine,  lUH^ordlay 
to  Diein.  i<  dai<  in  purt  to  tho  polns-'iuiii  Miirn  and  in  part  [o  the  aiuu  t>f  ibn 
tnxiility  <>rih«  trtb*r  ncimi*!  urinary  ivin«iiliii'«t*  (urra,  i;r(Wtt>iin,  tiic.},  wbii:li 
liavn  vfiry  Ittrle  pxi-minus  action  iinlividiiully. 

Many  ttiih-Unc^.ii  bavv  br^ii  nliforveil  in  animal  urino  whirli  ara  not  found 
In  liutnao  urino.  Tu  lliwe  l<«h>nk;.  k/frmrenie  na'<l,  ('lulliNOt,  wbir.li  in  nn 
bxycltinrilincurl'oii tc  acid,  uccuiriiiK  in  ling'A  urinn  i  wveanir  acid,  found  in 
do^'A  (iTlne;  fiaiihiiurij'  and  and  ilatiurlCc  arut  (uMnrdin^  tn  HrnoTTEK  * 
pruhnbly  a  mizlunt  of  buiisotc  acid  willi  vulotile  fatty  Keld>>),  gbtained  by  Ibe 
diatillation  of  ixiMr'a  urin«  :  and  laetly  lUharie  add,  found  ia  tbe  urluary  coo- 
craiuvula  of  cvnam  aniiuiila. 
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111.  Iiioriraitic  CoiiHtttueut8  of  Urine. 

Chloridea,  The  cliloriiie  ocourriug  iu  uriue  is  aQdonbtedly 
oomliiiieil  with  the  banes  cuntaiiied  in  thiH  excretion;  the  chief  part 
IB  comhtimd  trith  soiliiini.  In  uticnrdiLTiuu  with  cliia,  the  quantity  of 
chlorine  in  the  iiriut;  iu  geiiorulLy  ex|)roHHed  ii.d  Nu('l. 

The  qanntiiy  of  oldoniie  mnibinuiiotiij  in  ihu  urine  Ib  subject  to 
ooiiHidemble  variutiou.     In  genural  the  quantity  for  a  healthy  adult 

■  A  (!-(nt|tl#!U.'  bibllo^rapUy  on  ptomalDeB  and  Itmcamaines  In  tlie  nrinn  ia 
found  in  ilnppcrt-Ncutiaiiar,  p.  408.  S«e  also  lirllRth.s  C-oinpL  rend.,  Toinen 
118.  114.  and  1 15.  on  pmniaincs  in  th»  urine  in  difleront  infoctioas  diasaaea. 

•  KeitfK:br.  f.  pliyatol.  I'bain..  Bd.  \9. 
<  Vlrebow-s,*r^U..Bd.  113. 
•ZeltMlir   r.  kiln.  Med.,  Bd.  IS. 

*  Zeitacbr.  f.  pbyeiol   Cboin.,  Bd.  7. 


on  a  mixed  diot  is  10-15  grms.  KaCl  per  3-t  hoan.  The  qaanlit 
of  common  Bttit  in  tho  nrino  tlepciids  cliicfly  upon  the  qauitt^i 
salt  in  tlic  food,  with  which  thu  uliininntion  of  chlorina inci 
and  deoroases.  Tho  free  drinking  of  water  aUo  incroases  ttie 
eltmiuatioQ  of  chlorine,  which  is  greater  daring  actiriiy  than  daring 
rest  (at  night).  Certain  organic  chlorine  combinations,  each  u 
chlorofonn,  may  increase  the  elimination  of  inor;gaiuc  chlorides  bj 
the  nrine  (Zki.i.ek,'  Mvr.rL'8,  Kast"). 

In  diiirrho-ii,  in  quick   formation  of  largo  transndationa  ui 
eindatinns,  alao  in  fipecially-Tnarlced  cases  of  aonto  febrile  diseaaa 
at  the  time  of  the  crisi.-f,  the  eliminiition  of  common  salt  is  mawri* 
ally  (lecreiLseil.     The  elimi  nation  i^  abnormally  increased  in  thfl 
first  days  after  thecri:ai3  ami  dnring  the  absorption  of  «xteDBtve«iu- 
<iationfl.     A  dimiiiii^hfid  elimination  of  chlorine  is  fonnd  in  disturbed 
absorption  in  the  stomarh  nnd  intestine,  and  in  acate  and  cbrouic 
diseases  of  the  kidneys  accompanie.l  with  albuminuria.     In  ehtoah 
dUense^  thn  elimination  of  chlorine  in  general  keeps  pace  with  Um^ 
nntritivo  Mndition  of  tho  botly  and  thR  activity  of  the  seoretionof 
the  nrine.      Aa  andcr  physiological  conditions   the   (jnantity  af 
common  raU  tiikcn  with  the  food  boa  the  greatest  infioeRoe  on  the 
elimiiiation  of  SaCi  in  diaease 

The  QHOHtitatwe  egfwiafion  of  ehhrine  in  urine  ia  moetiiinplfl 
perfotiiieil  by  titration  with  silror-nitrate  solution.    The  nriue  xaui 
iiut  cuuLaiii  eiilier  protei<l  (which  if  present  must  be  removed  bjr 
oougulnlioii)  or  iodine  or  brouiiue  compuimde. 

In  llir  iiresfiiw  of  bninidwi  or  Midos  evaporate  anieasaT«d<)nuil>tTn(d>« 
uriiie  (•>  >Jryii<-».  fiino  tlir  rc-idiic  witli  Mil<|i>-trc  nnd  sod  >.  ills  olvs  ili'r- (uH^ 
m!  i!iB  in  ivUf r,  Kiid  ivniortt  tlii  iiidlnnnr  linmiiim  bv  ll)<>  sildltiou  of  dlltiti' mI- 
piiiiric  aciil  nml  mimio  iiUrii4>.  mid  ili'irouf'lil?'  >liak»  witb  carbon  <lbialphld*>  i 
'flu-  lit|uM  ilim  1  bt  iintrd.  may  iww  ht.  tiiriktncl  with  ^ilvc^  nil'itui  kcenrdisfl  H I 
Vdl.iiAHO's  iin-tlmd      TliH  qtiMUtily  gf  hnnnldo  or  L"did«  is  calculslM  »»l**' 
<tllT>^miirri:  Imiwt^n  t)i«>  quantity  ol  nllver  niiraKr  Bnlatli>n  UHrxl  tor  tlio  titnOHt 
of  Ih    T>iiti)liHii  iii  till'  fuaivl  luau  and  the  >|uAuLitv  u.-h;i1  fur  tJie  CQrras|NKMtit{ 
volume  of  lUe  orlKiiiil  nrit.«, 

Tlie  otherwise  excellent  titration  method  of  Moiir,  aceording 
to  winch  we  titrate  with  siUer  iiitnite  in  neutral  liquids,  titing 
neutral  potAssinm  cliromnte  as  an  indicator,  cunnot  be  used  dinellj 
on  the  urine  in  CAfefiil  work.  Organic  urinary  constituents  areaiv 
precipit^ited  l>y  the  silver-sdt,  and  the  ivsulls  are  therefore  some- 
what  high  for  tho  chlorine.  If  we  wish  lo  nse  this  inetho<],  ilU| 
orp»nic  tirlniiry  conatituenta  must  first  bo  deatmyed.  For  this  pa 
pose  cvoporntc  to  drynetts  5-10  c.  c.  of  the  nrine,  after  the  addilid 
of  1  grm.  of  chtorine-freo  soda  and  l-i  grms.  ehloriue-free 

•  ZclUKlir.  r.  pbrsLol  Clieta.,  6d.  8. 
'Ibid..  B<L  II. 


]>etre,  and  carafitllj 
faintly  vriili  iiitriu 
lime  carbonate.     This  neiitrikl  Holiition  is  iiRcd  for  the  tifcratinti. 

Tho  silver-nitrete  solntloa  may  bo  a 

made  of  suoh  h  streugth  tliul  escli  c.  c.  corregpouds  to  O.OOG  grm. 
CI  or  O.Ol  grin.  NaCl.  This  lact-mentioiiud  solatiou  oootaius 
■29.075  grms.  AgNO,  in  1  litre. 

FKF.nKn  anil  ToF.rPFKR '  hare  modifled  fchU  method  in  that  they 
titrate  with  sikcr  nitrate  in  ucclio-aoid  aoluiion,  which  prercnta 
the  precipitation  of  the  silver  Rombioationa  of  anc  ncid,  xanthin 
bases,  etc.  iJilute  5  or  lU  c.  c,  of  the  urine  with  'io  c.  c.  water, 
add  2.5  c.  c.  of  a  solution  of  acetic  acid  and  aodiuin  ucvtute  (3^ 
acid  and  10^  audium  acetate),  and  titrate  after  the  addition  of 
potAffiinm  chroniatc.  Another  modification  has  recently  been  sag- 
geated  by  Bodtkrr.' 

VoLfiAit[>*s  Method.  Instead  of  the  preceding  det«rmi nation, 
VoLOAttD's  nieliiod,  which  can  be  |>orformed  directly  on  the  urine, 
may  be  employed.  The  principle  id  as  follows:  All  the  clilorino 
from  the  urine  uuiditicJ  with  nitric  acid  ia  prceipitateJ  hy  an  txt^i-is 
of  silrer  nitrate,  filtered,  and  in  a  meuHnrcd  part  ttie  qntintily  of 
silter  added  in  exce&i  ia  determined  by  mcaua  of  a  Biilj)!iocyunido 
golntion.  This  excess  of  silver  \a  ooMi]>lel*ly  precipitated  by  the 
aulphocyanide  aud  a  solotiou  of  some  ferric  salt,  viticii,  a-^  \»  vrell 
known,  gives  a  blood-red  reaction  with  tlie  smallest' quantity  of 
aulphocyanide,  ia  used  as  an  indicator. 

We  reqnire  the  following  solutioua  for  this  titration:  1.  A  eiU-pr- 
nitrate  solution  which  contains  39.075  ^rms.  AgNO,  per  litro  and 
of  which  e-Mh  c.  c.  corredponda  toO.OI  grm.  NaCl  or  (J.[>0(Uj7  Rrni. 
CI;  2.  A  saturated  solution  at  the  onlinary  temperature  of  ctilorine- 
free  in>n  alum  or  (erriu  sulphate;  3.  Cidurine-fr»e  nitric  acid  of  a 
gpeciflc  gravity  of  l.'i;  4.  A  pDtaHaiuni-t>ul|iiiocyuiiide  solntiun 
which  conlaius  8.3  grrns.  KCINS  per  litre,  and  of  which  2  p.  c. 
corresponds  to  1  c.  c.  of  tho  ailver-nitruLe  fioiution. 

Abntii  9  irnin  of  pntsaeinm  milphofynnlilnKnxlixTCilrpil  in  wittcir  and  (initi«<l 
to  nnc  litre.  TIib  quantity  uT  KONS  cmtuiuud  in  tUia  suluiiun  is  Jvicnnin*-!!  by 
tbe  §!lver.iiitralo  solutinn  in  ilui  foLlowIn;  wa,y:  Mpoflum  exMily  10  o  c  uf 
i\m  ftih-wr  sotiiiinn  iin<l  iTr.m  willi  !}c.  c.  itf  aitrit;  acid  anil  1-2  r.  c.  nf  iln-  rrfric- 
nit  Bnliiiinu.  nnil  dilulu  uiili  v>rat*T  t  <  about  I'Klc.  c.  Niiw  tlii>  ttulplHicvniiiilti 
solatioii  is  iidtl'xl  fmm  n  iiircite,  ccinfitanilv  Er.irrine,  until  a  penuant'nt  luiiit 
rvd  iMloriiiinn  of  J)ib  lii|iiiil  tjkkrs  |itac«.  Tlie  qiiantiiy  of  sitlptniryaTiidt^  fnuod 
in  the  Kttliilinn  by  iLia  iiii>an«>  ind^t:«t«s  linw  nmcb  it  munt  )>e  d<1ut«d  to  ii«  of 
tbo  prtipnr  MrwnplU.  Tiirata  once  mora  with  10  c  c.  ApNO,  Botuli'm  and  tmr- 
rrct  titn  Hiilplxicyaaide  soluilon  by  tlio  ran-fal  addition  of  wator  until  2U  c.  o. 
■naotly  eorrespond  m  10  c.  c.  of  tl>»  silver  solution. 

The  detennination  of  the  chlorine  in  the  nrine  \s  performed  by 

1  Ontnllil.  r.  kUn.  M«d.,  Bd.   18,  No.  8%     Cited  from  Maly's  Jabnabet., 
Bd.  ii.  8.  2*». 

<  Z«lt«br.  (  pbysiol.  Ch«m„  Bd.  •». 
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this  method  in  tlic  following  way :  Exactlj  10  c.  c.  of  the  nribo  ue 
placed  in  a  flask  wlncli  ha«  a  mark  corresjionding  to  lUO  c.  c; 
6  c.  C.  nitric  acid  are  lulded;  dilute  witL  about  50  c.  c.  vster,  and 
then  altow  exactly  20  c.  v.  of  ttie  silver-nitrate  solution  to  flow  in. 
Cln^o  tlie  iliii:;k  with  the  thumb  uud  shako  woll,  alide  off  the  thumb 
and  wash  it  with  clitttllled  wui^r  into  the  flask,  and  fill  the  Bask  to 
tho  lOO-c.  c.  mark  with  distilled  water.  Close  again  vith  the 
tliitmb,  ciirefnlly  mix  by  ahuklng,  and  &lter  through  .i  dry  filt«r. 
Mi'asuro  off  50  c.  c.  of  the  liJtnite  tj  meaue  of  a  dry  jiipotte,  mid 
3  c.  u.  ferric-salt  Hoiutiuu,  uud  allow  the  liulphocyuiiiiie  bolutioa  to 
flovr  in  uutil  the  liquid  above  the  precipLla:,c  bus  a  i>crmaueut  red 
color.  Tlio  culculution  is  very  simple.  For  example,  if  4.6  c.  e. 
of  the  siilphocyanide  Bolution  were  iiecessanr  to  prodace  the  finil 
reaction,  tlien  "for  100  c.  c.  of  the  filtrato  (=  10  c.  e.  nrine)  9.S 
0.  c.  ol  thiti  eolution  are  necessarr.  !>.?  c.c.  of  the  sulphocyanide 
DoluLiou  correspoads  to  4.ti  c.  c.  of  the  silver  solution,  and  siitco 
20  —  i.ti  =  {HA  n.  c.  of  the  titlver  solution  were  iieceiSoary  to  com- 
pletely preeipilate  the  chlorides  in  10  c.  c.  of  the  nrlnc,  then  ID 
c.  c.  contjiin  0.154  grm.  Nad.  The  quaotity  of  sodium  chloride  in 
the  tiriiie  h  therefore  I.543;  or  l.'>.4y„.  If  we  always*  use  10c.  c. 
(or  the  ^let^.'^millHtio^,  and  always  'iO  c.  c.  AgNO,,  and  dilute  wilb 
water  to  100  c.  c,  we  liiid  the  ({iiiititity  of  NaCI  in  lU(K>parts  ef  tbe 
urine  by  sul]Vi:acting  the  uuniber  of  c.  c.  of  sulphocyanide  (R) 
rti4piired  with  50  c.  v.  of  the  EiUratu  from  20.  The  quantity  of 
NaOl  p.  m.  U  therefore  nmler  theae  circnmstances  ~  'iO  —  K,  uti 

the  pereetitage  of  XaCl  =       ■-- — . 

The  approximate  estimation  of  chlorine  iu  the  urioe  (vliici 
uiudt  bo  free  from  proteid)  m  mude  by  strongly  auidiJyiiiij  vithj 
nitric  acid  and  then  adding  to  It,  drop  by  drop,  a  oonccuiruladj 
Kilver-iiitruto  tiolutioti  (I  :  ?^).  In  a  normal  quantity  of  chluridee  tlie 
drop  Biitka  to  tlic  bottom  tui  n  rather  compact  cheesy  lump.  In 
diminiithed  quanticicsof  chlorides  the  precipitate  ia  less  compact  and 
coheieut,  and  in  the  prei>ence  of  very  little  chlorine  a  6oe  vhito 
precipitate  or  only  a  eloudincsK  or  opalescence  is  oblaitiod. 

Phosphates.  Phosphoric  acid  occurs  in  acid  urines  partly  ■ 
double-,  MH^PO^,  and  partly  &s  f>ini pie-acid,  M,H1*0,,  pho*pbaltS| 
both  of  which  are  found  in  acid  iirinea  at  the  same  tima.  OTt" 
found  that  on  an  average  GOf  of  the  total  phosphoric  acid  *<> 
double- and  40^  viu*  siniple-ttcid  phosphate.  The  total  qauntiuol 
phosphoric  acid  is  very  variable  and  depends  on  the  kind  and  tli« 
qnanlity  of  food.  The  average  quantity  of  P,0,  is  in  round  num- 
bers 3.5  grma.,  with  a  variation  of  1-6  grm».,  per  24  hour*.  -^ 
small  part  of  the  phosphoric  acid  of  tbe  nrine  originates  from  tb* 

•  ZviUcbr.  r.  pliymiol.  Cli«m.,  Bd.  IQL 
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bnmuig  of  organic  componnds,  naclein,  protagon,  and  leciUiin, 
wiUiio  the  orgHiiiam.  The  greater  ]jart  originates  from  the  phoe- 
phatas  of  th«  food,  and  tlie  quantity  of  eliminated  phosphoric  acid 
is  greater  when  the  food  ia  rich  in  alkali  phoephatea  in  proportion 
to  the  qnautity  of  lime  and  magnesia  phosphates.  If  tho  food 
conluius  much  linie  and  magnesia,  large  qnautitiee  of  earthy  phos- 
phates are  eliminated  by  ttie  excrements;  and  even  though  the  food 
contaiua  considerable  atnouiite  of  phosphoric  acid  in  these  cases,  the 
quantity  of  phoflpboric  acid  in  the  urine  ij  small.  Snch  a  condition 
is  found  in  herbivora,  whose  urine  is  habitually  poor  in  phosphates. 
The  extent  of  the  elimination  of  phogphoric  aciil  by  the  urine 
ilepeudtj  not  only  upon  the  total  quunlity  of  phosphoric  acid  in  the 
food,  but  also  upon  the  relative  amounts  of  alkaline  earths  and  the 
alkali  salts  in  the  food.  According  to  I'REYiiz.'  OunAvtiKV  and 
Kluu'  the  eliniinatioo  of  phosphoric  acid  ia  coneidoraLly  increased 
by  intense  mnscnlar  work. 

From  the  trunsfurmation  of  tissues  rich  in  protoid  or  of  phos- 
phorized  uerve-subatauce  in  the  body  we  might  perhaps  expect  an 
equal  relation  between  the  nitrogen  and  the  phosphoriu  acid  in  the 
nrinu.  Many  invetfLigatlons  haio  been  made  upon  this  subject,  bnt 
as  all  the  conditions  which  uiTect  the  elimiimtion  of  phosphoric  acid 
are  not  yet  eulTiciuntly  known,  it  h  dillicult  to  draw  any  delinite 
coDcinsiona  from  the  ohservatiunii  thus  far  made. 

Aa  the  extent  of  tike  elimination  of  pho^*pho^ic  acid  is  mostly 
dopeodeut  upon  the  character  of  the  food  iiud  the  abBorption  of  the 
pbo^hates  in  the  intestiuo,  it  is  apparent  that  the  relutionslilp 
between  the  nitruguu  and  pltu^tphoric  acid  iu  the  urine  cau  only  be 
approximately  cou&lant  with  a  certain  uuiform  food.  Thuti,  on 
feeding  with  exclusive  meat  diet,  as  observed  by  VoiT*  on  dogs, 
when  the  nitrogen  and  phosphoric  acid  (P,OJ  or  the  fowl  exactly 
roup]>eared  in  the  urine  and  fa>oes  the  relationship  waa  8.1  :  1.  In 
starvation  Lhis  rulatiooship  is  changed,  namely,  relatively  more  phos- 
phoric acid  is  eliminated,  which  eaems  to  indJcate  that  besides  flesh 
juiil  related  tissues  also  another  tissue  rich  in  phosphorus  is  largely 
destroyeJ.  The  starvation  experiments  show  that  this  tissuo  is 
the  t»one  tissue. 

<  S^iiMlj't  i«hr«t1>er..  Bd.  21. 
•  I»flQ«er'B  Arch. ,  Bd.  64. 

■  Pli/iiologie    dee   aJlgemolneD    8V)SweehBsls  and  der  BmKbrnng  in    U 
HBnn«nii"»  Handboch.  Bd.  6,  Thl.  1.  8.  7». 


Little  is  known  in  regard  to  the  elimination  of  phoephom  aod 
in  disease.  In  febrile  disuuseK,  as  tsliowii  by  several  obserratioiu, 
tho  quantity  of  phoBplinric^acid  an  cninjiureil  with  the  nitrogea  iscob- 
aderably  decreased.  In  diseatie«  of  the  kidneys  the  activity  of  tbew 
organs  in  diniinating  the  phoBphatea  may  be  cnnBiderably  dJmin- 
iflhcd  (Flki^^ciier ').  In  meningitis,  on  the  cmntmry,  »  marked 
iucrcEuse  in  tbo  phosphates  is  obsorrod  in  the  urine.  'imssi^R  faa 
described  a  special  form  of  polyuria,  in  which  lar^e  qnantitiw 
of  cjirthy  phoBphatet<f  10-30-^0  groie.  per  Si  hours,  were  diuiioBled. 
This  polyuria  was  utilled  PiiuBfUATE  tiiABErrKS*  by  TiasHiiE.  The 
statements  in  regard  to  the  quautity  of  phosphate  id  the  urine  in 
rachitis  and  in  osteomalacia  are  eomewhat  contratlictory.' 

Quantitative  estimaiion  of  phosphoric  acid  in  tlie  urine.  Thif 
estimacioti  is  most  simply  performed  by  titrating  with  a  solntion  vi 
ursuinm  acetate.  The  principle  of  the  titration  is  as  follnvs:  i 
warm  sohitioii  of  phospbatea  containiug  free  acetic  acid  gires  t 
whitish-yellow  preci])it»te  of  iiraiiluin  jiho^ijliiite  will)  a  si'lutiov  (tf 
a  umuiutii  salt.  Tlii^  precipitate  is  iu&olublc  iu  acetic  acid,  but 
din.n(i]v-<>K  ill  mineral  lUtidK,  aud  on  this  ucuoutit  we  always  adii  in 
titralin<7  a  certitiii  quantitv  of  Bodlnni-ac-ehite  snlutiori.  PotasniiDl 
fermcyuntde  is  used  as  tlie  indicator,  wliicb  does  uot  act  OD  Uie 
arauium-phofiphate  precipitate,  but  gives  a  reddish-brown  prectp- 
tate  or  coloration  iu  the  pre^enco  of  the  HUialleet  amount  of  eotDUt 
uranium  salt.  The  solutions  nocossui'y  for  the  titration  are:  !■  A 
solution  of  a  [iraniiim  eaU  of  which  each  c.  c.  corref4jK)nds  to  O.OCS ' 
grm.  P,0,  and  which  containa  -^0.3  grma.  uraninm  oxide  per  line 
20  0.  c.  of  this  solution  corresponds  to  O.IOO  grm.  P.O..  2-  ii 
solntioD  of  sodium  acetate;  'A.  A  freshly  prepared  solution  of  potat- 
siuui  ferrocyauide. 

Tlie  aranium  nolulion  is  prriwrMlfrotnuniniuin  uitrxc'or  >epUl«>.  IXsviltt 
abont  U&  grins.  iitKiiiiini  ltC1TUlt^  In  ualt-r,  mlil  Kunii'  ni'i-tic  noiil  to  fKilli*!* 
Bnliition,  aikI  ililiiitt  In  i>ne  Hire.  Tliu  ntrenjftli  of  tltjn  iHilution  in  drlrri'iln 
b;  ttinttin^  with  iL  m>]utlon  i>f  aodluai  pliofplt&te  of  known  Mrn^ih  |l9t^ 
griiiH  crvHUillirtMl  sail  its  1  liiiv,  wLich  c<itresp"iini»  to  0  100  ittih.  P,0,  in  ^ 
c.  (.'.).  Ft'iM-vid  if)  t W  HaDtt>  wHv  aft  In  tliw  i  ttmcton  of  t)i«  iiriiiv  (m«  h-lu^L 
ami  a)rreci  ilw  Miluiion  l>v  diluiinff  wiiU  water,  nad  tiirau-  a^aiii  uuti11ftt-& 
of  tti«  urKuiuoi  solution  corrrAjtonilA  (lactlv  to  5U  c.  c  of  tLc  above  {ihotpl*" 
mlntlon. 

Tli«  iJoiliuiH-itc*?tiit<!  Kulu'ioo  alivulcl  conitLiu  10  tfnii*.  aodiujii  acfiaui  iA\i 
gjiiin.  cone  Mrctii^  lurlrl  In  \m  a,  c.  For  euli  lluvitoa  fi  e.  e.  of  tbts  aolalkoi* 
■Mod  witb  All  c   c.  bf  tlie  uri(i«. 

In  petforming  the  titration,  mix  50  c.  c.  of  filtered  nriue  Ini 
beoker  with  h  c.  c.  of  tho  sodium  acetate,  corer  tho  beaker  with' 

*  Detiiwh.  Arcb.  f.  klin.  Mwl  ,  Brt,  iiil. 

*  Cttntnlbl.  f.  d.  m«d.  WiaamacK.  1877. 

*  to  rvgord  to  tlip  nlimluKtitrn  at  phoaphate*  in  di»eftM>  mo  N*abaii«f-llii 
penThnnifts.  Uania&Rl}rs«,  9.  Anfl.    ScqnlotUchcr  Thvil,  a  335-a«7. 
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itch-^osA,  and  varm  orcr  the  wntpr-bnth.  Then  allow  tli6 
ururiiiiiii  solution  to  llovr  iu  from  »  burette,  uad,  wlieu  the  precipi- 
tute  does  not  H«etD  to  iucreuse,  ptncc  a  drop  of  tht>  mixture  oa  a 
pnroeliiiii  plut«  wit!)  u  fJn)|i  of  tho  [tntiutijiiiii-fi-rrooyuniile  soltitlon. 
If  the  omouut  of  aruniuni  sohition  empluyed  is  not  auflit;ient,  the 
color  reniuins  pale  yellow  and  mora  uranium  aolatioa  must  be 
lidded;  but  ns  soon  as  the  slightest  excess  of  iiraniDm  aolntion  has 
)j«en  used,  the  color  bocomuis  fuiut  ruddish  brown.  Wbeu  this 
point  hus  heen  obtained,  wiimi  the  Bolution  again  imd  add  iiiiother 
drop.  If  the  color  rcnmins  of  thu  sumo  intensity,  the  titration,  ia 
ended ;  but  if  the  color  Tsries,  add  more  timiiiiim  wfjUitinn,  drop  by 
drop,  until  a  permnncnt  coloration  i^  obtained  after  warming,  and 
now  repeat  the  t&it  with  another  5u  c.  c.  of  the  urine.  The  cal- 
culation Is  go  eiiuplo  that  it  \i  tiim&ucs^ury  to  give  an  example. 
I  In  the  above  lumner  we  dutonniiie  the  total  (jiniiitity  of  phoi^- 
fhorio  acid  in  the  urine.  If  we  visit  tu  know  the  plioaphoriu  iicid 
combined  with  alkaline  earths  or  witii  ulkulieA,  we  first  dotormino 
the  totid  phosphoric  acid  in  a  portion  of  the  nrine  and  then  remove 
the  earthy  ])iio*phate8  in  another  jKirtion  by  autuioniH.  The  pre- 
cipitiLe  in  coltecte*]  on  ii  6lter,  washed,  tninsferred  in  u  he;iker  with 
water,  treated  with  acetic  acid,  and  dissolved  by  warraiug,  Thia 
solution  lii  now  dilnled  Ui  !>\\  c.\  c.  witli  watur,  and  5  <,•.  c.  tiodiiiin- 
auetiitu  golutiuri  lulded,  and  titrated  with  uranium  solution.  The 
diiTercnce  between  the  two  determinations  givc^  the  qiiautity  of 
plioiiphofic  acid  combined  with  the  alkalies.  The  resnlu  obtained 
are  not  quitu  accuratu,  us  a  partial  tniniifoniiatiou  of  the  uioncpho»- 
phatca  of  the  alkaline  earths  and  also  calcium  diphoitpbate  into 
tripliii^pliatee  of  the  alkalini' earths  and  ainmoninm  plio»phato  takes 
pbure  on  precipitating  with  ammonia,  which  gire.?  too  bigii  re-^iilta 
for  the  plio«piioric  acid  comhiuc-d  witli  alkalies  remaiDiog  iu  sola- 
tioii. 

Sulphates.  The  snlphnric  acid  of  the  urine  ori^inateA  only  to 
a  very  flmull  extent  from  tlie  sulphates  of  the  food.  A  dispropor- 
tionally  greater  part  is  formed  hy  the  burning  of  the  proteids  coQ- 
tainiiig  siilphnr  within  the  body,  and  it  in  chiefly  this  formation  of 
aulphuric  aciil  froin  the  proteids  which  gives  riao  to  the  previously 
taientioned  except  of  acids  over  the  bases  in  the  nrine.  The  quantity 
of  Bulphnric  acid  eliminated  hy  t)ie  urine  amounts  to  al)ont  'l.S 
grms.  TI,SO,  per  twenty-fnnr  hours.  As  the  sulpluiric  acid  chiefly 
originates  from  the  proteids,  it  follows  that  the  eliminutiau  of 
anlphnric  acid  and  the  elimination  of  nitrogen  are  nearly  parsllel, 
and  the  reliitionship  N'  :  n,SO,  is  about  5:1.  A  complete  parallel- 
ism can  hardly  bo  expected,  asiu  the  tint  place  a  part  of  the  Huiphur 
is  always  eliminated  as  neutrdl  Hulphur,  and  secondly  henicixe  the 
low   (juanttty  of  sulphur   io   different  proteiQ   bodies  undergoet 
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greater  THriation  AS compnrcd  with  tlichighquantitjof  nttro| 
tftined  therein,     rrcnerallr  the  relatioiighip  twtween  the  eliminallo? 
of  nitrogefv  nnd  Bnlphiiric  acid,  under  normal  and  diseiueil  coiidi- 
tions,  rans  rather  parallel.     Sulptiuric  acid  occurs  in  the  TtriiiB 
partly  preformed  {Bulphate-sulplmric  acid)  and  partly  as  etlieral- 
salpburic  acid.     The  Srgt  i«  designated  ae  A-  and  the  ot 
£-tiulphuric  acid. 

The  qiMiitihj  of  total  :iit!f>hiirk  nrid  Ja  determined  in  the  follr.n- 
ing  vray,  but  at  the  same  time  tlio  precautions  described  Id  other 
works  must  be  obaerTed:  lUO  c.  c.  of  littered  tirine  are  treated  villi 
5  c,  c.  concentrated  lijdrodiloric  acid  aud  Iwiled  for  fifteen  tniniitw- 
While  boiliu;;  precipituLu  with  i  c.  c.  of  a  suLurated  BaCI,  eolatioo 
Slid  warm  forii  little  wliilo  until  the  biirinm  sulphate  has  completelr 
settled.  The  proripitato  nuist  then  he  vrotthcd  with  water  and  also 
with  nlcrohol  and  etlier  (to  remove  resinous  substances)  aud  thea 
treated  according  to  tbo  usual  tncLbcd. 

The  sepiinile  determination  of  the  sulphate-sulpbnric  acid  nai 
the  othcrual'Sulphurio  acid  may  be  accomp1ighed«  according  t4 
Uauuakk's  '  method,  by  first  precipitating  the  solnhate-stilpliunc 
acid  from  the  urine  aciail1e<l  wiili  acetic  acid  by  BaCI,,  aoJ  iben 
decomposing  the  cthcreal-anlphuric  acid  by  boiling  aftor  the  addi- 
tion of  hydrochloric  iicid,  and  tbon  determining  the  sulphuric 
acid  set  free  an  baciuui  siulphute.  A  still  better  niethod  is  tlie 
following  Buggoetod  by  S.m.kowski  ': ' 

200  c.  c.  of  urine  uro  precipitated  by  an  e()nal  volanie  ot  * 
barium  solution  which  consists  of  2  voU.  barium  Itydrote  and  I  ni 
borium-chlorido  solution,  both  stitnratcd  at  the  ordinary  tenpen- 
ture.  Filter  throng)]  a  dry  (liter,  meiunre  off  KHJ  c.  c.  of  tW 
filtrate  which  coutaius  ouly  the  ethereal*»idphnric  acid,  trwt  with 
10  c.  c.  hydrochloric  acid  of  a  apecific  grurity  1.13,  boil  for  fifW 
minutes,  and  then  warm  on  the  water-bath  until  the  procipititoli*^ 
cotn[ilctely  HoEtled  and  the  aupurnaliint  li«ptiil  is  entirt^ly  i!lcA^ 
Filter  and  wash  with  warm  water  and  with  alcohol  and  ether  un-i 
procettd  accynling  to  the  generally  prescribed  method.  The  dilig- 
ence between  the  etbereal-Bnlpliurio  acid  found  and  the  tou' 
quantity  of  sulphuric  acid  as  determined  in  a  special  portion  ^( 
urine  is  considered  n^  the  quantity  of  sulphate-sulpbuho  aoid. 

NitraUt  r>ccur  in  tininl]  qiii>otiti«i  in  liamBO  nr  no  (Scbombbik  'I.  mt>A  ttr 
pmbnlily  oriirinuin  friitii  tb»  dtiiikiiitf- water  and  lli«  ToimI.  AreunlwK  '" 
«Vkvl  uid  C'lTltOK,^  \-\ie  <|Utt[itity  of  iiurai«a  ia  KUiiilloct  with  a  meal  tli*-i  »>' 
IfrentDsl  with  TC^uble  faud.  The  aven^  anioaot  Ih  abotit  US  tnllllfiia*** 
psr  lilre. 

'  Zellacbr.  r.  phyfiiol.  Diem..  Bd   I.  S.  70. 
'  Virrhovrt  Arch.,  M.  79. 
■Jouni,  f.  prakL  Ch«m..  Ud.  93,  S.  ISA. 
•  Vircliim'x  Arrl>..  Ibid.  OR  ii.  101. 
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PotaMiuin  and  Sodiam.  The  quantity  of  these  bodice 6liminHt«d 
by  the  urine  b;  a  liealtby  full-growu  peraon  on.  a  mixed  diet  jg, 
according  to  Salkowski,"  3-4  t;rms,  K,0  aud  5-8  grnw,  Na,0,  with 
au  ururage  of  about  '^-3  gr(u».  K,0  uud  4-ti  gnu&.  Na,0.  Tlie 
proiKPCtioD  of  K  to  Ma  vs  onliuarily  as  3  :  &.  The  quautitjr 
depeuds  above  all  upon  the  food,  lu  starvatioti  the  urine  may 
become  richer  in  pota^iuiu  tliuii  iu  sodium,  vrltich  nwiiiU  from  tlio 
lack  of  common  mlt  and  the  deetmctiou  of  tissue  rich  in  potassium. 
The  quutitity  of  potassium  may  be  relalirely  idcreased.  daring  fever, 
while  after  the  crisiit  the  reverse  i*  the  caae. 

The  quautitatire  estimation  of  these  bodies  is  performed  by  the 
iTinietric  methods  as  described  in  works  on  quantitative  aDaJyiia. 
AmiDOOia.  Sc>mo  ammonia  is  habitually  found  in  human  urine 
and  in  that  of  caruivoru.  This  ammonia  may  represent,  as  above 
Btated  (page  495),  on  the  formation  of  urea  from  ammonia,  the 
small  amount  of  ammonia  which,  because  of  the  excess  of  acids 
formed  by  the  combmition,  as  compared  with  the  fixed  alkalies,  is 
united  with  such  acids,  and  in  this  way  is  excluded  from  the  synthesis 
to  urea.  This  riew  is  confinned  by  tlie  obsBFvations  of  COBANIU,' 
who  found  that  the  elimination  of  ammonia  was  smaller  on  a  rege- 
tablo  diet  and  larger  on  a  rich  meat  diet  than  when  on  a  mixed  diet. 
On  a  mixed  diet  the  arorago  amount  of  ammoniii  eliminated  by  the 
unne  is  about  0.7  grm.  Nil,  per  twenty-four  hours  (Xbuuaubk*). 
AU  the  ammonia  of  the  urine,  as  above  stated,  is  not  represented  bj 
the  residue  which  has  eluded  synthesis  into  urea  by  neutrnlizatioD 
by  acids  because,  as  shown  by  I^ai>bluakn  and  UecKmakn,* 
ammonia  is  eliminated  by  the  urine  even  during  the  oontiuuoas 
adniiuitstratiuit  of  fixurl  alitalies. 

Theexperiinontsof  many  invet;li;;atoni*  have  shown  that  in  man 
and  caniirora  no  foruLatiun  of  unta  tiike»i  place  from  ammonia  salts 
with  iniuoral  ucids  such  ua  ami^Kiniiim  chloride,  hut  they  are  elimi- 
natod  as  such  iu  the  urine,  while,  on  the  contrary,  iu  herbivora  a 
formation  of  urea  may  take  ]ilaco  from  amnioiiium  chloride.  la 
herhivora  the  IICI  of  the  amicionium  chloride  comhiueii  with  fixed 
alkalies,  and  tUc  ammonia  sot  free  is  available  for  the  formation  of 

I  Vlroliow'«  Arch..  Bd.  58. 

*  Areti.  r.  pxp.  l^tb.  u.  Ph&nn.,  Bd.  12. 

'  Uiijipurl  NtiulxLiiur,  llnninimUsi-.  \(i.  Aufl.,  8.  42. 

*  Sudt'liiMiiEi,  Kinduitn  lirir  .Mwnlttri'  kuC  dan  titoffivtKliMl  dw  Mtucliw). 
StaiiMui.  ItiOO,  3.  33. 

'  Set^  roi>tiiut«3i  iMm  455. 


i 


I 


J 


51S 


THS  VRISTS. 


area.  This  difference  in  the  behavior  of  ammnninrn  chloride  io 
carnirora  imtl  liorhivoraU  dei>endeiit  upon,  the  different  beharinrof 
the  aci(l5  in  tiie  orgunism  of  these  two  groups  of  animaU.  The 
quantity  of  ammonia  in  liunian  and  carnivoral  nrine  is  in- 
creased  by  the  iutrodaction  of  minend  acids,  and,  ao  shown  b; 
JoLiK,'  organic  acids,  like  benzoic  acid,  which  is  noi  burned  in  tlit 
body,  act  in  a  similar  way.  This  depends  upon  the  fact  that  the 
organism  of  these  animals  has  the  property  of  producing  safficJeH 
ammonia  by  destruction  o(  protcids  to  iicntralizc  the  acidd  intro- 
duced and  in  this  way  prevent  a  destrnctirc  ahstniction  of  fix«d 
alkalies.  Ilerbirom,  on  the  contrary,  luck  this  property,  to  theD 
the  acidd  iutrodiicod  are  ucntralized  by  fixed  alkalies  ;  lience  t^ 
introdciction  of  mineral  ncitla  soon  cansee  adestmctive  action  m 
account  of  the  ahstniction  of  alkaliea. 

Acids  formed  in  the  de^trnction  of  proteids  in  the  body  act  lib 
those  introduced  from  without  on  the  elimination  of  atnmo&k 
For  this  reason  the  quantity  of  ammonia  in  human  and  camironl 
uriuc  is  increased  under  stich  conditions  and  in  anch  diseoM 
where  nn  incrpjwed  formation  of  acid  takes  place  due  to  u 
increi^ed  metaboH.'im  of  proteidR.  Thi.i  ia  the  case  infeTerauxI 
diabetes,  lii  the  last-mentioned  disease  an  organic  acid,  fi-oiy 
butyric  acid,  is  produced,  which  parses  into  t)ie  uriue  oonibinnl 
with  ammonia.  As  the  eliniinatioii  of  ammonia  and  the  fornulinn 
of  urea  stand  in  close  relation  to  each  other,  it  was  expected  tbina 
increase  in  the  elimination  of  ammonia  and  a  decrease  in  the  formi- 
tioii  of  urea  wonid  take  place  in  certain  diMases  of  the  lirer.  Te 
hare  given  aboro,  on  the  formation  of  urea  in  the  liver,  the  eittnt 
of  agreement  of  this  statement,  and  the  reader  is  referred  to  tbe 
works  there  cited. 

The  detection  and  qunntitatlve  estimation  of  ammonia ii; 
formed  geucTally  according  to  the  method  euggeated  by  S«*ui>lteii 
The  principle  of  tliict  uiotliod  id  that  the  ammonia  from  a  inesiand 
amount  of  nrine  is  .-^et  free  by  lime-water  in  a  closed  vessel  and 

absorbed  by  a  uieatjured  amount  of  --  uulphnric  acid.     After  ^ 

absorption  of  the  ammonia  the  quantity  is  determuied  by  titniiiu! 

the  remaining  free  sulphuric  acid  with  a  —  c&iutic  alkali    Thx 

method  gives  low  results,  and  in  exact  work  we  mnst  proceed  m 


•  Skand.  Arcb.  f.  Physiol.,  Dd.  I. 
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sDggeated  br  Boblakd.'     Other  metlioils  Imve  b««u  saggesM  by 

ScUMI£L>tBEKt.  '  and  by  LaT^CIIEKBEKiie^U.' 

CalcituD  aoii  magneiitun  occar  iu  the  tiritie  for  the  most  part  us 
phosphutes.  Tho  quantity  of  eartliy  phoBphatee  cUniinated  doily 
is  somewhat  more  thaa  1  gr.,  and  of  this  amount  |  is  ma^osium 
and  i  oalcLom  phoephatc.  In  acid  nrinei;  the  simple-  ns  well  as-  the 
doable-acid  earthy  phosphntee  are  fonnd.  and  the  solubility  of  the 
first,  among  whioh  the  caluium-salt.  (-uliro,,  is  especially  Jii^oln- 
bl«,  is  particularly  augmented  by  tlie  preseiiue  of  doable<acid  alkuJi 
phosphate  and  sodium  chloride  iu  the  nriue  (OXT*).  The  qaaiitity 
of  alkaline  earths  ia  the  iirinti  depeudtt  on  the  compouition  of  the 
food.  Nothing;  is  known  with  |iO!titiveiie»t  iu  rei^un)  Ln  the  i!unKLanb 
and  r^iilar  change  in  tlieeliininittiun  nf  thwesnliHtancect  in  diiieaaB. 

The  quantity  of  caltMum  uml  iiiji^nesium  is  determined  accord- 
ing to  the  ordiikary  well-known  [neLliodi;. 

Iron  oecars  in  llic  nrini^  onlv  in  siiulII  q iinntitiGR,  and.  u  It  «««niB  from  lbs 
iovmtUgntionii  nf  Kcnkrj.,*  (JiACO^tA,*  KniiRnT,'  And  liia  pupitit,  it  rlivcji  not 
•xlftt  ax  ■  Hah.  but  iivhii  urt^aiik'  cuuiMuMiuit— io  part  W  inji-uii^tilurL'Lruaiu^ii. 
Tbe  Btaiewfrnis  in  n?^nt  in  the  cjuauiiiy  of  iron  aeein  bi  aliow  iLiut  llu^  (lunuUt; 
la  Tpry  ?«riiil>Ie  from  1  lo  II  milli^rsinmrs  per  litre  ot  uHuo  [Maokihb,' 
OvrrLlEB.*  KiiBKKT.  aud  liift  iHipilx).  Tli»  ({iiuntity  of  itiieie  arid.  sc«i>rdiu^ 
to  tliv  ordiuarjT  statciuflnts,  amuunla  to  about  0.08  p.  lu.  Tratros  uf  fij/Hrvj/^n 
prrviid^  mliinKCQT  ID  tLe  uriof. 

The  gases  of  the  urine  ore  carbon  dioxide,  nitroj^n,  and  tracer 
of  oxygen.  The  quantity  of  nitrogen  i&  not  quite  I  vol.  per  cent. 
The  eurbou  dioxide  varieti  cousidurubly.  In  ucid  urines  it  is  hardly 
one  half  as  great  as  in  ueutrol  or  alkaline  urines. 

IV.   The  Quantify   iinti  Qtiaiititutivc  Composition 

of  Urine. 


A  direct  participation  of  the  kidney  substance  in  the  formation 
of  the  urinary  constituents  is  proved  at  least  for  one  constituent  of 
the  urine,  namely,  liippuric  acid.     It  ia  hardly  to  be  doubted  thnt 

'  Pflaprer'sArcli.,  Bd.  43 

■Arch.  r.  BX|>.  Patli.  u.  Pbann,.  Bd.  7. 

*Unnatslieft«  f.  Chi-m..  Hd.  5. 

^ZvitMlir.  f.  physiiil.  Clicm.,  M.  10. 

■SitaDhfiaber.  d.   ]>!i7it..[i)ed.  (ieaellacb.   su  Wanburg.  1681.      Citod  fnHD 
HaIj->  Jal>rr>lMir..  Bd.  11.  H   *i4e. 

•  See  Malr-B  Jaiiraaber.,  Ud.  16,  S.  31&. 

^  Artwlteo  de«  pbaru.  IqhIU.  isu  Dorimt.  Bd.  7.    Staitgan,  ISOl. 
J '  Bar.  d.  dontBch.  cjiftrn.  Qoad lecli . .  Bd.  7. 
f*  Arch.  r.  exp.  Patli.  u.  PLano..  Bd.  26. 
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ilie  kidnejR  as  well  or  the  tiFuneti  j;enernl1j  hare  a  certain 
piny  ill  tlic  fommdon  of  othor  urinary  ooniititnents,  bnc  their  chiet 
'taok  consifitti  in  separating  nnd  removing  nrinary  constltaeDta  dis- 
nolved  in  the  hlood  vhich  have  been  taken  np  by  it  from  oHi 
organs  and  tiuties. 

Ifc  liAd  been  shown  hy  the  experiments  of  nnmerons  invMtigai 

FlEinKXIfAIN,  V.  WlTTIfll,    NlSSIIAl'M,  XeISSEK,    UsTlMOWtTSCH. 

I,  ilrsK,  and  others,  that  the  elimination  of  water  and  thp  rcniaiti. 
ing  nrinonr  constitncnta  is  not  alono  produced  bv  gimple  diffusion 
and    flitrution.'     It   is  gonorally  conceded  thnt  the  proceawB  of 
nrinftry  secretion  depend  eaaentially  npon  a  specific  acttvitr  of  Gm 
cells  of  the  epithelinm  of  the  nrituuy  poaaagefl,  besides  vrhicb  also 
processes  of  filtration  and  difTusion  take  l>art.     The  process  of  iJie 
secretion  of  arine  iu  man  ami  the  higher  animaU  is  generaJlj  con* 
sidered  to  proceed  chielly  ns  foltews:  The  water  together  nitli 
small  anioiiiit  of  the  salts  passes  throngh  the  glomeruli,  wliile  ths 
chief  p:»rt  of  the  solids  is  secreted  hv  the  epithelinm  of  the  nriruij 
passages.     A  secretion  of  eoIid»  withotit  a  Kimulbineous  secretion 
of  water  is  not  possible,  and  therefore  a  part  of  Che  water  mnrt  be 
secreted   by  the   epithelium-cells  of  the   nrinary  passages.    Tbe 
ptifisuge  of  the  chief  jmrt  of  the  water  through  the  gloDierali  i* 
rather  generally  considered  as  a  liltration  due  to  blood-pretnin 
According  to  Ukiuekhain,  the  thin  cell-layers  of  the  glonerDli 
have  u  secretory  action. 

The  tjuantity  and  tlie  composition  of  nrine  are  liable  to  gtai 
variation.     Those  circnm.'ftiinces  which  under  physiological  cendi- 
tions  exercise  a  great  inrluence  are  the  following:  the  blood-prescare. 
and  the  rHpidity  of  the  blood -current  in  the  glomeruli ;  the  (lusnlitf 
of  urinary  constitnentK,  eapecially  water  in  the  blood;  and  iMtly. 
the  condition  of  the  secretory  glandular  elements.     Abore  all,  tlw 
quantity  and  coucentration  "f  the  urine  depend  on  the  eliminslii* 
of  water.    Tb»t  l,hifl  last  may  vary  with  the  quantity  of  water  in  tka 
hlood,  with  changed  blood-pressure,  auil  with  circulatory  coodilloi 
is  evident;  but  under  ordiui^ry  circunHtauces  the  (|aantity  of  watef 
eliminated  by  ttie  kidneys  depeud^  esdeutially  upon  the  quantity  of 
water  which  is  brought  to  ttiem  by  the  blood  or  which  leaves  tk* 
body  by  other  exits.     The  elimination  of  urine  is  iuoreased  br 
ilrinking   freely,  or  by  reducing  the  •juantity  of  water  removed 


'  800  HeidealialD,  Die  flarnabeonderoDK  In  UumiaQU's  Haadbaok.  M  \, 
Tbl  1,  8.  279. 
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in  other  ways;  but  it  is  docre&Eed  bj  a  diminished  introduction 
of  water,  or  by  a  greater  lose  of  water  in  other  xraTs.  Ordiaarily  in 
man  JDEtas  much  witter  is  eliminated  by  the  kidneys  ua  by  the  skin, 
Itinga,  and  intestine  together.  At  luvrer  temperatures  and  in  moiat 
air,  since  under  these  conditions  the  elimination  of  water  by  the 
fikin  n  diminished,  the  elimination  of  urine  may  be  considerably 
increased.  Dimitiiehed  introdnction  of  water  or  increafied  elimina- 
tion of  water  by  other  mean^ — oe  in  riolent  diarrha>a,  violent  vomit- 
ing, or  abundant  perspiration — greatly  diminitjiieF)  the  elimination 
of  urine.  Tor  exainjile,  the  urine  may  sink  a£  low  as  50O-400  o.  c. 
per  day  in  iuteuHe  immnmr-heat,  wliile  after  copious  draughts  of 
water  the  elimination  of  3("H)f>  c.  c.  of  urine  hae  been  otwerreil 
during  the  eame  time.  The  average  quantity  of  urine  voiilod  in 
the  course  of  'i\  ltaiir»  must  undergo  cousidemble  rariatiou;  ordi- 
narily it  ia  calculated  a&  1500  c.  c.  for  healthy  adult  men  and  1'iOO 
c.  c.  for  women.  The  minimum  elimination  occurs  during  the 
night,  between  2  anil  4  o^clot'k;  the  maximum,  in  thn  tirst  hours 
after  awaking  and  from  1-2  hourtj  after  u  nical. 

The  qiiiuitity  of  Holidu  excreted  in  the  course  of  24  hours  is 
rather  conntant  even  though  ilie  <[uiiutity  of  iiriuc  may  vary,  and  it 
is  more  constant  when  the  manner  of  living  '\a  regular.  Therefore 
the  percentage  of  polids  in  the  urine  i«  naturally  in  an  iuverse  pro- 
portion to  the  i|nuiitity  of  urluti.  Tlio  average  quantity  of  hoIIcIb 
per  34  hours  is  calculated  a^  60  gmiji.  The  (juantity  may  be  oal- 
culaE«d  wiih  approximate  accuracy  by  means  of  the  Bpocific  gravity 
if  the  second  and  tliinl  decimals  of  the  specific  gravity  be  mnltipliud 
by  Haseu'h  coefficient,  "2.33.  The  product  gives  the  amount  of 
solids  in  1000  c.  c.  of  urine,  and  if  tho  qiumtity  of  urino  elinuiutt&d 
in  the  24  hours  bo  measured,  the  quantity  of  solids  in  the  "H  hoiim 
may  be  en.4iiy  calculated.  For  example,  1050  c.  c.  of  urine  of  a 
specific  gravity  1.0*21  was  eliminated  iu  the  24  hours;  therefore  tho 

48.0  X  Ipso 


quantity  of  solids  eliminated  is  SI  X  3.33  =  4S,9,  aud 


lOOO 


=  A1.35  grma.     The  urine  in  this  case  contained  48.9  p.  m.  solids 
and  51.35  gnus,  in  the  daily  excretion. 

Those  bodies  wliicli,  under  physiological  conditions,  utToct  the 
density  of  the  urine  are  couiinon  aall  aud  urea.  The  specific 
griivity  of  the  first  i.  'l.\h  and  the  Itwt  only  1.32,  so  it  is  easy  to 
understand,  when  r.lie  rutative  prnportion  of  these  two  bodies  c^cn- 
tially  deviates  from  tlio  normal,  why  the  above  calculation  from  the 
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ipeciGc  grtrit;  is  not  exact.  Tbe  eame  is  the  caM  when  a  tuiiM 
ponr  in  a  normal  oouetitnent  contains  large  amoaots  of  fotviga 
bocli«8,  Bucli  a^  albuuiin  or  sugar. 

Ak  above  tttuted,  the  percentage  of  solids  in  tbe  urine  generellj 
decreases  witli  a  greater  ulluiiualian,  and  a  vorr  cousiderable  excre- 
tion of  nriue  (jiolr/nria)  hits  tliercfore,  as  a  rule,  u  luwer  specific 
gravitj.  An  iin[>cirUiut  excoptioQ  to  ibis  rule  is  obserred  in  arine 
containing  sugar  {dinheies  meUifua),  iu  which  there  is  a  copious 
excretion  of  a  Tcry  liigh  upecilic  gravity  due  to  the  sugar.  In  cases 
where  very  little  urine  is  secroted  (o%r(n'(j),  as  when  the  pGrspiia- 
tioii  18  profuse,  in  diarrhua,  and  in  fevers,  the  speciQo  grarity  of 
the  urine  is  as  a  mlo  high,  the  porcenlago  of  solids  high^  and  has 
a  dark  color.  Sometimos,  ae,  for  example,  in  certain  oases  of 
albnminurin.  tbo  urine  may  Imve  a  low  ppocifle  ^avitr,  uotwiUi- 
standing  the  oligariu,  and  bo  poor  in  solids  with  u  light  color. 

It  is  diniciilt  to  give  a  tabular  vieiF  of  tbe  composition  of  urine, 
on  account  of  its  vartntion.  Tor  certain  pnrposes  the  fallofring 
table  may  be  of  some  vatuo.  but  it  must  not  bo  overlooked  that  tbe 
results  are  not  giron  for  1000  |)arts  of  iirino,  but  only  approxiDude 
figures  for  the  cjuuntities  of  tlio  most  important  conBtituents  wlucli 
are  eliminated  in  the  courao  of  2i  hnnra  in  a  quantity  of  1500  e.  c 
IJklly  qtinnltty  of  .solitli  ~  60  gnn* 


igrnniR  cMinstiltiBnU  =  SO  gruiit. 

6n-it 80.0|;rnis. 

Uricaci.l 0.7     " 

CrcMtinin ...  1.0     " 

nippnric  tcid &,7     ■* 

H^^aining  organic  bodies  S.9    " 


luuTfianic  ruiiittiCiipnlM  —  S3  (Cmi*^ 
St)tlium  cUloriiJi' (Nut'l)  I&  0  gnm. 
Siilptiurtcai^id  (lliSO^j.     Zq     " 
['UosplMiric  acid  (PjO,).     S  &     " 

PoWftli  iK.Ol S.8     •* 

AniiiuiiiiB,  (NH.) 0,7     "_ 

M«jirrp»i«  (MgO) 0.5     '• 

IJiii«(rBO), 0,8     " 

Remalnlug  inor(>.  bodUe   0.9    " 

Urine  contains  on  an  average  40  p.  m.  solids.     The  quantity  d 
SfM  is  abont  *20  p.  m.  and  common  salt  abont  10  p.  m. 


V.  €aHui:l  Urinary  CiitiHtUiieutH. 

The  casual  appearance  in  tbo  nrine  of  medicines  or  of  nrinsiy 
constitnents  rcsultic^  from  the  introduction  of  foreign  snhstances 
into  tbe  organism  is  of  practical  importance,  because  such  coostito- 
ents  mayinttirfore  in  certain  urinary  investigations,  and  alsobecsnse 
they  atTonl  a  good  mcanit  of  determining  whether  certain  snbstanoes 
bave  Wen  introduced  into  tbe  organiftm  or  not.  From  this  |)oint  of 
view  A  few  of  these  bodies  will  be  spoken  of  in  a  following  section 
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(on  the  pathological  urinarT  conntituents).  The  preaence  of  these 
foreign  bodies  in  the  urino  is  of  ftpeciul  interest  in  those  oaaes  in 
which  tliey  serve  to  eluciduto  the  nheminal  trangfoi'inaLions  certain 
sabetaocea  undergo  within  the  body.  As  inorganic  Kiibstjinces 
generally  leave  the  tiody  unchanged,  they  are  of  Tury  little  interest 
from  this  Htanitjioint,  but  the  changoa  vr}iich  ceriiiiti  organic  sub- 
stances nndurgo  when  iutrnrliiccil  into  the  animal  body  niay  be 
stndicd  by  this  means  so  far  as  those  transforniatioua  are  a]iown  by 
the  urine. 

The  bodies  belonging  to  the  btty  series,  though  not  without 
Qiceptionij,  fall  mostly  into  a  combaation  loading  towards  the  final 
products  of  inctaboliam;  still,  often  a  smaller  or  greater  part  of  the 
body  in  question  eludes  oxidation  and  appears  unchanged  in  the 
nrine.  A  part  of  the  organic  acids,  which  are  otlion/riso  bnrnt  into 
water  and  carbonates  and  render  the  urine  neutral  or  ulValino,  may 
act  in  this  manner.  The  volatile  fatttj  aatU  poor  in  carbon  are  leas 
easily  bnrnt  than  those  rich  in  carbon,  and  they  therefore  pass  un- 
cUanged  into  the  nrine  in  large  amounts.  This  is  especially  trnc  of 
(brmic  and  acetic  ncida  (ScuurrKN,'  (JjtEHAXT  and  QuiJfiiUAfi)*). 
According  toCAUUu  oxalic  acid  Is  not  oxidized  in  tlio  auinial  body, 
while  )[ARKUiti '  clairaa  that  it  is  nearly  entirely  consumed. 

The  and  amides  appear  not  to  be  changed  in  the  body 
(ScHL-i-TZBx  and  NkK(-K1').  Asmallpartof  the «»itWo-flciV/x seems 
indeed  to  be  eliminated  unchanged,  bnc  otbcnvise  they  are,  as  stated 
ahoTO  (page  4S.'S)  for  leuein,  glycocoll,  and  tutpartic  and,  decomposed 
within  the  body,  and  they  may  therefore  cause  an  increased  clitni- 
nationof  urea.  Sarcosin  (methylglyoocoU),  NH(CTI,).on,.COOII, 
also  perhapit  passes  in  smull  part  into  the  corresponding  tirami- 
do-acid,  tmthtflhydantotnic  acid,  Nn,.CO.N(OU,).CU,.C0On 
(SrnrLITKN*).  Also  (aurin,  aniidO'^thyUulphooic  acid,  which 
actd  somewhat  differently  iu  different  animals  (Salkowski*),  passes 
in  haman  beings,  at  least  in  part,  into  the  corresponding  uramido- 
acid,  tauroearbamic  acid,  NH,.CO.NrT.C,n,.SO,.0H.     A  part  of 

»  Z«il»chr.  f.  pliwiol.  Chom.,  Bd.7.  8.  875. 

*Cotnpt.  rpnd..  Toms  IM. 

>  9««  MaW'H  Jftlir««l>«tr. ,  Bd.  18.  S.  402.  and  Bd.  SO,  3.  70. 

*  Zeitscbr.  f.  Biuluglo.  BA.  6. 

*  B«r  d.  dciitAch  chf-m.  Ora^llFch..  Bd.  A.  Be«  also  BwintkriD  ind  v, 
H«ring.  tbid  .  IM.  H.  .S.  594.  &nd  K.  Salkowaki.  Z^luclir  t.  pli;.-iii.|.  CLeiiL.Bd. 
4,  S.  107. 

*  B«f.  <1.  ili-utscli    cb^in.  n«!«M>n«crli.,  Bd.  8.  md  VIktIiow'k  Arch..  Bd.  S8. 
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that  cert&in  aniitto-acide,  nucli  as  ti/ronn,  phmtftani ido prvfiemie 
ncidi  aud  amiilo-aumnmc  and  wlien  introduced  into  the  bod;  caoso 
no  JDcreaec  in  tlio  quantity  of  known  aromatic  sabstanceG  id  tbe 
nrine;  this  niukoA  a  deairoction  of  these  amido-aoida  in  the  animal 
bod;  Boem  prolinlilc.  .Itvalta  '  aE^>  made  an  exporiment  on  d(^ 
with  phthfific  acid,  and  found  that  67.5-G8.76<£  of  the  acid  intro- 
duced into  the  body  dii^ajipuarod,  or  more  correctly  was  not  found 
again.  Ancording  to  Juvalta,  thia  acid  does  nol  nnderx't  any 
Bynthcais,  nor  does  it  yield  any  aroniutic  tratisformatJon  products; 
and  if  this  suppo^itioQ  be  correct,  we  liare  liure  a  proof  of  tlia 
destraction  of  the  benzol  nnclens  of  a  part  of  the  phthalic  acid 
introduced  into  tho  organistn  of  the  dog. 

An  oxidation  in  the  aids  chain  of  aromatic  com]MandB  ia  oft«it 
found,  and  may  dso  occur  iti  the  nuclena  itself.  Ab  an  example, 
benzol  is  first  oxidized  to  oxybeuzol  (Scuijltzkn  and  Naukvs'), 
and  thJB  is  thou  in  part  converted  into  diox^hemois  (Bauuann  and 
PaBUaSE').  Xti]ihihnUn  iippears  to  he  converted  into  OTynupk- 
thaiin,  and  probably  u  part  also  Into  dioxynaphlhalin  (Lebnik  and 
M.  Nencki*).  Anllin,  C,U,.NU,,  posses  into  paramidophcuuV 
which  pa3.».ca  itito  the  iiriue  as  ethereal-aulpbiirio  acid,  H,K.C,U,. 
O.SO,.OU  (F.  SR'LLEU*). 

If  the  aromatic  ntbsUnco  hna  a  side  chain  belongiog  to  tbe 
fatty  aeries,  this  liist  is  generally  o.Tidized.     For  example,  t^uol^ 
C,n,.ClI,  (Sciii-L-rzKN  urid  X.m'NVN'),  ethtfl-bemoU  C,n,.C,I 
and  prnpi/l&etnal,  (;,I1,.C,H,  (Nescki  and  (JtAnosA*),  also  nis 
other  bodie.^  arc  oxidized  into  benznic  iicld.     If  tho  side  chain  hai' 
BCTcral  members,  the  behavior  is  somexrhat  different.    PhcnyUaeth 
aeidf   0,H,.CH,,COOH,    ia   which  only  one  carhon  atom 
between  the  ben^iol  nadeaa  end  the  carboxyl,  is  not  oiidiud,  \mC 

lUtitKclir  r.  plivninl.  (Tlittin..  Bd.  t;  RchoUiin,  ibid.,  Bd.  7;  Baut,  iMd..  Bi.  11; 
and  R.  Colin,  ibitt.,  Bd.  14. 

■  Zeiuclir.  r.  pli.TKii'l.  C'brni..  Bd.  13. 

•  Kt-ieliert's  tLttd  Du  Boia-Rvy mead's  &tch.,  18(97. 

■  ZcilBclir.  f,  |>ti}-diol.  Clieu).,  Bd.  8.  S.  106.     Rt»  also  Neaok!  and  Oiwxa« 

did.,  ua.  4.  s.  Bm. 

•  .\rcb-  f.  vxp.  Patli.  Q.  Pbarm . .  Bd.  24.  See  ftlao  EdIefMu,  MkIj-'s  Jahn» 
hT.  B.l   13.  a  118. 

'  .4climif>di>1>f>rK.  Arch.  f.  np.  Pitli.  a.  Pimrm.,  Bd.  8. 

•  Deulfrcb.  Died.  Wockeuaclir.,  1987.  Cited  from  M«l7'i  Jaliraebw..  BllT, ' 
S.  87. 

'  R<-icheri'H  and  Da  B-ilB-Reymnnd'B  Arch.,  1867. 
'  2citaelir.  (.  pUjsJoL  Cliein..  Bd.  4. 
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is  eliminated  after  conjngAtion  witb  glycocoll  m  phtnttcvtitric  acid 
(Salkowski').  Phtityl-propioHXc  acid,  C,n,.Cn,.Cn,.CO0U, 
with  tvro  carbon  atoms  between  the  benzol  naclcaa  and  tlie  curboxyl 
is,  on  Ibe  contrary,  oxidized  into  benzoic  acid.*  Aromatic  aniido- 
acids  irith  three  carbon  atoms  in  the  side  chain,  and  whore  the  Uli^ 
group  is  bound  to  the  middle  one,  ae  in  tyrosin,  n-oxypbenjlumido- 
propionic  acid,  C',U,(0I[).CH,.CU{NU,).COOU,  and  a-phmyl- 
amido'propivnic  acid,  C,1I,.CIJ,.CH(NH,).COOH,  seem  to  be  xa 
great  part  burnt  within  the  body.  Phmyhmido-acetii:  acid,  which 
has  only  twocarlwn  atoms  in  the  side  chain,  C,H^.C1I(KU,).C001I, 
acts  otherwise,  passing  into  mandeiic  acid,  phenyl-glycollo  acid, 

C,H,.C[HOU).COOU  (SCBOTTKN'). 

If  several  side  chains  are  present  in  the  benzol  uunlens,  then 
only  one  is  always  oxidized  intocarbojcyl.  ThnsTt/lid^  ^-',11, (OH,),, 
is  oxidized  into  toluic  acid,  C,1I,(CUJC00H  (Scui:t.TZRS  and 
Nainys  '),  mesUiflen,  C,n,(Cil,),,  into  mtsilyUnic  acid, 
C,n,(CU,),.COon  (L.  Nencki'),  and  cymol  into  cumic  acid 
(M*.  Nenckl  and  Zieulkb*). 

SyutheecB  of  aromatic  substimces  with  other  atomic  gronps  occur 
frequently-  To  these  syntheses  belongs,  in  the  first  rank,  the 
conjugation  of  benzoic  acid  with,  glycocoll  to  form  hipjiurie  acid, 
first  dlticovered  by  WniiLKR.  All  the  unmemns  aromatic  nubstances 
which  are  conrerted  into  benzoic  acid  in  the  body  nro  voided  partly 
iiA  hippuric  acid.  This  statement  is  not  true  for  all  classes  of 
animals.  According  to  the  obserrationa  of  Jaffr,*  benzoic  acid 
doea  not  puss  into  hippuric  acid  In  birds,  but  into  another  nitro- 
genons  acid,  ornithuHr  acid,  C,,II,.N,0,.  This  acid  yiehls  rs 
splitting  products,  besides  btnizoio  actd,  a  body,  orniihin,  which 
baa  been  spoken  of  on  page  524.  Not  only  are  the  oit//jcnzoic  acid$ 
and  the  xubglHuied  be moic  acids  (Kkktaukini  *)  conjugated  with 
glycocoll,  forming  corresponding  hippuric  acids,  but  afao  the  aboTo- 
mentioned  acids,  (oluic,  mesityknic,  cumic,  and  phenytaeetic  acidt. 

'  ZetUcbr.  T,  pli^'vivl.  Cb«iu..  Bdcl.  Tontl  9. 

*  See  E.  and  U.  SKlko>ritki,  Bvr.  d.  dsuUdi,  ebem.  aesflllBch.,  Bd.  19. 
■  ZrlL-<clit.  t.  pbysiul.  Cheui..  Bd.  8. 

*  Uniclicrt'A  ond  Dn  BolH-ltpj-mond'A  Arcli.,  1867. 

*  .\fcb.  r.  exp.  P»lb.  u.  Ftmrm..  Bd.  I. 

*  Bar.  d.  dealMli.  cbain.  aoNelUcb.,  Bd.  5;  •«•  alw>  0.  JMobwa,  ibid.,  Bd. 
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*  AJel..  Bdd.  lOuid  11. 

*  Cited  Cram  Knbae's  Lelirbucb,  S.  fll. 
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These  acids  are  Toided  as  toUtric^  nuHtyltHuric,  euminuric^  mud 

pheiutceturic  acids. 

It  must  bo  remarked  id  regard  to  the  oxy benzoic  acids  that  a 
conjugation  vith  gWcoooLI  has  only  been  positively  provcu  with  sali- 
cylic acid  and  p-oxjbenzoic  acid  (liEKTAiisiKt,  Bal'masx  and 
IIhrtkk,'  and  others),  while  liACMiNN  and  IIkktku  find  it  only 
Tcry  probable  for  m-oxy benzoic  acid.  The  oxybenzoie  acids  are  also 
in  part  eliminated  aa  conjugated  sulpliario  acids,  which  ie  e^pcciaOy 
true  for  m-oxyboDZoic  acid.*  We  hare  the  invesiiguunuB  OQ 
m-ainidoben?.oic  acid  in  regard  to  the  tranaformation  of  aoiido- 
benzoic  acids.  Salkum'ski'  found,  oa  was  later  confirmed  by 
It.  CuuN,'  thut  m-ajnidobenzoic  acid  paesea  in  part  into  tiramido- 
bmm'g  acid,  H,N.CO.HX.C,H,.COOH.  It  is  also  in  part  elimi- 
nated u9  amidol) ippurio  ncid. 

The  sulj'Stitiiteil  aldeliyclee  are  of  special  intereet  as  aabstuioei 
which  undergo  conjugation  with  glycocoll.  According  to  the  iDTes- 
tigatiun^  of  li.  Cohn'  on  this  subject  o-uitrobeniLaldehydc  whoD 
introduced  into  a  rabbit  lu  only  in  a  very  small  part  converted  iokt 
nitrobenzoio  acid,  and  tlie  chief  muHs,  about  QO^^  ia destroyed  in  the 
body.  Acconling  toSiKBKB  and  SiintNow'  m-nitrobenzaldehyde 
pOBSca  in  doga  into  ni'iiitrohlppiiric  acid,  and  according  to  CuiUf 
into  nrca  m-nitroliippurate.  In  rabbits  the  behAvior  is  rjoit* 
diifcrent  according  to  Cotin.  In  this  case  not  only  doee  an  oxids' 
tion  of  the  aldehyde  into  betizoio  acid  take  place,  but  the  nitro 
group  is  altio  reduced  to  an  aniido  group,  and  finally  acetic  acid 
attaches  itself  to  the  amido  group  vith  the  eximlsion  of  water,  so 
that  the  final  product,  m-acetykmidoben»o(C  acid,  CH.X'O.NH. 
C,U,.C'OOH,isthe  result.  This  process  is  analogous  to  the  behsrior^ 
of  furfnrol,  and  the  reiliiction  does  not  tnke  place  in  the  intestine, 
hnt  in  the  titsiie.'  The  p-nitrobenzaldehyiie  acta  in  rabbit*  in  jiart 
like  the  ni-aldehyde  and  pusses  in  part  into  p-acttylamithbtntoie. 
add.  Another  pnrt  is  converted  into  p-nitrohenKoic  acid,  and  tis 
urine  containii  a  chemical  combination  of  equal  pjirts  of  these  two 

'  Zeituclir.  f,  pb/itiul.  C'bi;in,,  Bd   1,  which  also  cilnt  Borta^niDl'ii  work 
'  tJOH  llaumntin  anil  ][an«r,  1.  c,  ttnd  nlao  Daatxvolwig  in  U^lf *a  iafara* 
ber.  Bd.  11.8.231. 

'  Zviisclir.  r.  pliysivl.  CUwui.,  Bd.  7. 

*  Itttd..  fti.  17.  S.  2»3. 
'  Ibitl.  Bd.  11. 

*  MouutHtierte.  f.  C'biiui.,  Bd.  S. 
''  Z«iti(i;ljr.  r.  phyeinl.  ChMD,,  Bd.  1& 
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acids.     According  to  Siebbr  aud   Smirkow  p-uUrobetLzaldchjdo 
only  jieltia  ureu  i>-uitrohippunLU9  in  dogtt. ' 

Another  very  i[ii|iurtiiiil  nyiiUiedis  of  aromatic  aabetauccs  is  that 
of  the  eOifreal'StilphHric  ucidn.  Phenols  aod  chiefly  the  hydroryl- 
atfti  aromalic  kydrocarbons  unci  their  derivatives  arc  voided  hA 
tilhcreul -sulphuric  acidu,  accordiug  to  liAiiiAfiK,  Ubuteu,  aud 
aChera.' 

A  conjngotiou  of  aromatic  Babstances  vith  glycaronic  acid, 
wliicb  last  is  protucted  rroiii  bnruing,  occunt  nilUer  often.  Camphor, 
C,^„0.  wUeii  giveu  to  a  dog  \i  £nt  convurttid  by  oxiduliou  into 
camphoral,  C, ,11, ,(011)0,  and  by  conjtiguliou  with  glycurouic  acid 
into  camphQ-glycurvHiv  acid  (8cBMlED£ltEn<i ').  The  pboiioUi,  as 
above  staled  (page  4'JI),  paes  ia  part  as  conjugatudglycurOQic  acids 
iato  the  urine.  The  same  is  trtio  fur  tho  liomolugiics  of  plienols, 
for  certain  snbBtttutcd  phenols,  for  nuphtfiols,  iiorntvl,  mfntholf 
turpentine^  and  uauy  other  aromatic  subetances.'  OrthoniiruloluQl 
in  dugB  jufiiiuis  first  into  o-nitrobcnzyl  alcohol  and  tlicii  iuto  u  con- 
jagated  glyuuroaic  acid,  uronilrolohwlic  acid  {JAVwk*).  Thoglycu- 
roiiiu  acid  split  off  from  the  coDJugated  acid  is  Ivvogyratc  and 
bonce  not  identical  with  tho  ordinary  glycuronic  acid,  but  isomoric. 
Jndol  and  skntol  vkcwx,  aa  above  stated  (page  40S  a»d  40u),  to  be 
eliminated  in  the  urine  partly  aa  con j iig.itcd  glycurouic  acids. 

A  syritliesis  in  wliicb  componuds  eontaiaing  sulphur,  mercap- 
turic  aeid^  \a  formed  and  climiniiLed  coujugattMl  witii  glycuronic 
acid,  occurs  when  chlorine  aud  bromiiio  dcrlvatcs  of  benzol  arc  in- 
troduced into  tho  organiBtii  of  dogs  (Ual-manx  and  t'HiassE,' 
Jafpb  ').  Thus  ehlorbemol  combines  with  rvaTKiN,  au  intcrmcdiarx 
decomposition  product  of  proteids  which  ii  closely  allied  to  cyatin 
(see  below),  forming  chlorpkenylmercapturic  acid  ('„1J|,CISK0,. 
On  boiling  wiih  mineral  acid  this  oornpound  decompotsBB  into  aoellc 
acid  and  chlorphenylcystein,  C,H, 01.  C.H.N  SO,. 

*  In  TC^rd  10  tli»cxt4!n»JvelIt«»tur«oD  kIjcocoII  conjitffntioasvre  refer  iIip 
KulcrtoO.  Ktllillng'.  Ucbcr  Stuffwccbwlprvdukte  aruumtiiclivr  EOrpor.  In- 
uK,.Di!w.     B4;rlin.  VBSft. 

*  Si-ci  O.  KQliliDK,  1.  G- 

■  8cliinip<lpli<^rg  und  Mdjef,  Zeltacbr.  f.  pb;siol.  Chem,,  Bd    9. 

*  Svo  O.  KQtiling,  1.  c,  wUicli  givoa  tb«  Uurftture  op  to  1887;  abo  E.  KDti. 
Zeltadir.  f.  Bwloffie.  Bd.  27. 

*  3S.tt8cbr.  r.  pbjKiol.  Cbcoi..  Bd.  a. 

*  Ibid..  Bd.  5,  6.  ««. 

<  Ber.  d.  deutscb.  eh«m,  UeaeLLicb..  Bd.  IS. 
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Ptfridin,  C^H.K,  which  docs  not  combine  eitlier  with  gljcnronia 
ucid  or  with  sulphuric  acid  after  prcvioas  oxidation,  shows  s  apecdal 
behavior.     It  mkea  iip  u.  methyl  group  as  found  by  ilis'  and  Utw 
confirmed    by    Couir,'   and    forma  an    ammoniuno    comhiDatioo, 
ituthylpyridyl-amiiuinium   hydroxyl,  nO,CII,.KC,TI,.      Methylpy. 
ridlii   (a-pit'olin)  on  the  contrary  passes  in  rabbits  part  in  into 
a-pyriditi  carhaaic  acid,  and  is  eliminated  as  a-pyridimtrie  tuii 
after  oonjngration  with  glyciironic  acid  (U.  Cohn  *).     Several  alkii- 
loida,  8ach  na  qniniti,  inorphiti,  and  glryehnin,  may  pass  into  tlie 
niine.    After  taking  turpontine,  balsam  of  copniva,  and  reitinx  thw 
may  appear  in  the  tirlne  as  resin  acids.      Different  kinds  of  coloring 
matters,  sncli  usaltutriHt  crtfsnphnuic  acid,  after  the  use  of  rhnburti 
or  aouna,  and  the  coloring  matter  of  the  btutbetTy,  «tc.,  may  alio 
pass  into  the  urine.      .After  tiiking  rhnbarb,  teUHa,  or  fiautonin  iV 
■nrine  takes  a  yellow  or  greenish-yellow  color,  which  i«  tranafornwJ 
into  a  beantifiil  red  color  by  the  addition  of  alkali.     P&tnalpit- 
dnces,  as  above  mentioned,  n  dark-brown  or  dark-proen  color  whid 
depends  mainly  on  the  decornpoaition  prodiirt*  of  hydrocliiuon  and 
hnmin  snbstances.      After  the  nse  of  naphfhnlin  th«  urine  hu  > 
dark  color,  iind  several  other  medioines  prodnce  a  spocial  coloration. 
1'huy  kairin   gives    often    u    yellowish-green    hue,  and   the  urU 
darkens  when  exposed  to  the  air;  thallin  giree  a  green isli-brotn 
color  which  is  marked  jii'een  iu  Ihin  layers,  and  atUipyrin  giTttt 
yellow  to  Li)ood-red.     After  the  administration  of  balmm  uf  cofaivt 
the  uriue  becomes,  when  strongly  acidified  with  hydrochloric  soil 
gradually   rose  and   purple-red    (QriwoKE*).     After   the  dm  ^ 
naphthalin  or  unpfttiml  tlie  nrine  gives  with  concentrated  salphnHo 
acid  (L  c.  c.  oonrenti'ated  acid  and  a  few  drops  of  nrine)  a  btFSDtiful 
emeniM-green    color    (Pi'.szoi.DT*),    wliiuU    is    probably  dne  w 
Diiphtiiol-glycurnnio  acid.     Odoriferoaa  bodies  also  pus  iDt«  ^^ 
urine.     After  eating  asparsgns  the  nrine  acqnirce  a  sickly  dieagrw- 
able  odor  which  is  probably  due  to  methyl mercaptan,  according'* 
M.    Nencki.*    After   taking   turpentine   the  urine   Diay  ban  * 
peculiar  odor  similar  to  that  uf  violets. 

'  Areh.  f.  «p.  Path.  u.  Pliarm.,  Bd.  S8. 
■  ZvitacUi.  r.  pb^sipl.  Clietu.,  S<1.  18.  S.  IIS. 
»L.  c. 

*  Arch,  r  etp.  Patli.  q.  Pliarm..  Bd.  17. 
•/Md.,  iw.ai. 

•  Ibid.,  Bd.  ^8. 
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*atholoi;)c:il  CoiistltuentH  of  tTrlne. 

Proteid.  The  appoaranc*  of  filijjht  traces  of  prot«id  in  ttie  tirino 
of  appareutlj  bcaltby  porAons  Iiha  Wen  observetl  in  iitaiiy  cma&  hj 
Bcrcral  inTcHigaton.  but  still  we  mtiat  not  conceal  the  fact  that 
other  itiTcati^tont  consider  tbejie  tnutcui  of  proteid  as  the  Crst 
ftymptoms,  though  rcry  mild,  of  a  disftOAeil  corKlition  of  the  urinary 
ttppanitus,  or  lut  a  Bympt^m  of  a  tramiitorj  dititnrbanco  iu  ttie  ciruu- 
lation.  Froqaontly  tracea  aie  foand  in  the  nrine  of  a  Bubstance 
similar  Co  nucleoatbnmin  ivbich  can  easily  he  tnlstakeu  for  niiiciu 
and  which  is  probably  identical  with  nucleoalbuinin.  Thi«  aiib- 
ttanc«  has  been  isolated  fnjin  tim  piipiltary  part  of  the  kidooya  and 
from  the  inucons  mombraiie  of  the  blatbk-r  by  Loxsbeuu.'  In 
diseased  conditions  proteid  occnrs  in  the  urine  in  a  variety  of  casou. 
The  albiiminona  bodies  which  ni»st  often  occur  are  aerglobulin  and 
Benilbiimin.  AlbnmoseB  and  peptouen  also  sotnetinics  occur.  The 
quantity  of  proteid  in  the  nritie  is  in  nicKt  cases  less  than  5  p.  m.^ 
tarely  10  p.  m.,  and  only  very  rarely  does  it  amount  to  50  p.  m.  or 
OTer. 

Among  the  many  rcuctionj;  proposed  for  the  detection  of  pro- 
ieid.  iu  nrino,  the  following'  ure  to  be  recommeaded : 

Tfttt  Ilmi  Test.  Filter  the  urine  and  teat  its  reaction.  An  acid 
nrine  may,  iu  a  rule,  be  boiled  without  further  treatuierit.  and  only 
in  espetjially  acid  urines  \a  it  necessary  to  finft  treat  witli  a  littlo 
alkali.  An  alkaline  nrine  \»  made  neutral  or  faintly  acid  bi-[nre 
heating.  If  tiiu  uriiio  iit  pnor  in  saUs,  add  A  vol.  of  a  Hatunited 
comnion-Balt  solution  before  boiling;  then  heat  to  boiling-point, 
and  if  no  precipitation,  cloudiness,  or  opalescence  appears,  the  nrine 
ia  qnestioa  contajas  no  coagiiLable  proteid.  but  it  may  cunLain 
albumoscB  or  peptones.  If  a  prccijiitatu  is  produced  on  liuiliiig,  this 
may  oonsi'it  of  proteid,  or  of  eartiiy  pbwpliates,  or  of  both.  The 
simple-acid  calcinm  ])hoRphaU)  decomposes  on  boiling,  and  normal 
phosphate  may  Bcpiirato.  The  proper  amonnt  of  acid  is  now  added 
to  the  urine,  bo  aa  to  prevent  any  mistake  caused  by  the  presence  of 
earthy  pho8i)hatea,  and  to  give  a  better  and  more  flocculent  precipi- 
tate of  the  proteid.  If  acetic  acid  is  usod  fur  this,  then  add  1-2-3 
drops  of  a  25;:£  acid  to  each  10  c.  o.  of  the  urtnu,  ami  boit  after  the 
addition  of  each  drop.  On  using  nitric  acid,  add  \-'Z  drops  of  the 
25i£  acid  to  each  c.  c.  of  the  boiling-hoi;  urino. 

On  using  acetic  acid,  when  tlie  quantity  of  proteid  is  very  small, 
and  especially  when  the  urine  waa  originally  alkaline,  the  jiroteid 

'  Si«o  pifie  440. 
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m&y  sometimes  remain  ia  oolntton  on  the  addition  of  tbe  ubote 
qiiuiitity  nf  acetic  acid.  If,  oti  the  uoittrary,  less  acid  ia  added,  tbe 
precipimte  of  calciiiiti  iihoaphiite,  wliJch  forms  in  nmphoteric  or 
laiatly  acid  urinca,  ia  uuble  not  to  dJaaoUe  complete!)-,  and  thii 
may  cauHe  it  to  be  tnitttiLk«ii  for  ii  |]]-oteid  precipitate.  If  nitric 
ucid  is  iiised  fur  tUu  liuat  te&L,  ttie  fuel  mast  not  tte  orerlooked  iLul 
after  the  udditiou  of  only  a  little  iiL-id  n  combination  betvreen  it  and 
tim  prottfiJ  id  formed  whicli  ia  aoliiblo  on  boiling  and  wliich  is  only 
precipitated  by  an  excess  of  the  acid.  On  this  acCxOtint  the  lar^v 
qimntity  of  nitric  acid.  fLHsuj^preated  above,  must  bo  added,  batin  tbis 
cuse  a  small  part  uf  liie  {iroteid  h  liable  to  be  ditutolved  by  tli« 
«Xfi9i*  of  tbf)  uitrio  ucid.  Wbun  tbe  ucid  'm  added  aftvr  boiliup, 
which  is  ubsolutely  nocessorv,  tbe  Habitity  of  a  mistake  is  not  tv 
great.  It  ia  ou  the&e  fp^nnifs  that  tlic  lieat  test,  altbongb  it  gina 
Very  pood  results  in  tbe  hands  nf  oxnertfl,  is  not  recommended  to 
pliy?ipi;tn8  na  A  positive  te^t  for  proteiu. 

A  coufoiindiug  with  mucin,  wlien  this  body  oocum  in  the  nrine, 
is  cosily  prevented  in  tlie  boat  test  witU  acetic  acid,  hy  acidifytoj; 
another  purlion  u-ith  ucctic  acid  at  tbe  ordinary  temperature. 
Mucin  and  nnclconlbnmtn  substancea  similnr  to  macin  are  herefiT 
precipitated.  If  in  the  performance  of  the  bent  and  nitric  acid 
•test  a  precipitate  fir.it  iippeara  on  coolinfc  or  is  strikingly  iiicreaae^ 
then  tliis  sbowa  the  presence  of  albiiittoses  in  the  nrin«,  either  lUone 
or  mixed  with  compellable  proleid.  In  thix  ciwe  a  further  inre^ti- 
gution  ia  noueswary  [st'o  butow) .  In  n  nrino  rich  in  nratoB  a  precipi- 
tiite  consisting  of  nric  arid  separates  on  t^oolinp.  Tbia  nrecipitau 
ia  colored,  sandy,  and  hardly  to  he  mistaken  for  as  albomoge  or 
prot«id  precipitate. 

Heij.kh'h  hst  is  performed  as  follows  (see  page  ZG) ;  The  nrine 
is  very  carefully  floated  ou  tbo  surface  uf  nitric  ucid  iu  a  test-tubt. 
The  presence  of  proteid  is  shown  by  n  while  ring  betveen  the  two 
Iir|nids.  With  thia  testa  red  or  roddiah-violet  tmnEparcnt  ring  if 
always  obtained  with  normal  nrine;  it  depends  on  the  indigo  color- 
ing mattcra  and  can  hardly  be  niistakcu  for  the  white  or  whitiih 
Sroteid  ring,  and  this  lust  must  not  be  mistaken  for  tbe  ring  pro 
uced  by  bilo-ptgruenta.  In  a  iiriuo  rich  in  aratoa  another  oompli- 
CHtion  may  occur,  due  to  liiti  formation  of  a  ring  produced  by  tbe 
precipitated  nric  acid.  Tbo  uric-acid  ring  does  not  Mo,  like  tbe 
prolcid  ring,  hrt-n-cei)  the  two  Itqnida,  but  somewhat  higher.  Fnr 
this  rea.9on  we  may  often  have  two  eimnltaneons  rings  with  nrints 
ricli  in  urates  and  yet  not  containing  very  much  proteid.  Tor 
disturbance  caused  by  nric  acid  is  easily  prevented  by  diluting  tbf 
nrine  with  l-'l  viil.  water  before  performing  tbo  test.  The  uric 
acid  now  remains  in  solution,  uml  the  delii^u^y  of  IIrllkb^s  teitii 
■0  great  that  after  dilution  only  in  the  prc^ncc  of  iasigniflcani 
tr.tcos  of  proteid  does  this  test  give  ncgatii-e  rASultfl.  In  a  uHm 
very  rich  in  nreu  a  riugdike  separation  of  urea  nitrate  mar  ai^t^ 
sppGur.     This  ring  contiists  of  tiliinir'"  crystals,  and  it  does  luA 
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the  pruvioiislj  dilnt«d 


itl) 


irirte.     A  confntuon  witli  resinoiu 

ring  with  this  t««t,  is  easitjr  pre- 


I 


appear  i 

acidtt,  wnicli  aiso  gice  aw 

▼ented,  uiuce  tliesv  acids  are  soluble  on  the  addition  of  ethor.  Stir, 
add  etlior  and  carefully  elmke  tliocouceiimof  the  te«t-tube.  U  tlie 
4!io[iiiiiiL-^d  wan  due  tu  reeinuiia  acidg,  the  nritic  becomes  graduully 
cleiir  and  ou  evaporating  the  other  a  sticky  rc';iiduo  of  resinous  acids 
in  ohtuined.  A  liquid  which  coutftins  pure  mucio  dees  not  give  u 
precipiUte  with  tltls  test,  hnt  it  gives  a  uiuru  or  less  strougjy 
opaltwceut  rtug,  which  disuppetira  on  stirring.  The  liquid  doex  not 
ouiilain  any  precipitate  after  stirring,  but  is  wtmowhut  opfllcscciiL 
If  u  faint,  not  wtiuliy  typical  reuccion  i^  fihUiitied  with  ili:i.l.i:it's 
ceot  after  some  time  with  nndihited  nrJiic,  while  the  diluted  uiino 

S'fea  a  pmnoancecl  reaction  immediately,  tlu-n,  us  claimed  by  K. 
Grnek,'  a  naclcoiilbuunu  siibetaiico  is  prescut,  which  'n  pro- 
vented  from  procipitution  by  tliu  salts  of  the  uiidiliilfid  unne.  Iii 
thiii  cu^e  pniuoiid  iih  described  bolow  in  regurd  to  the  detection  of 
UDcIeoulbumin.  If  wo  bear  iu  mind  the  abovo'mciitiGiicd  possibiB 
erronj  and  the  rucana  by  which  they  may  be  prevented,  there  U 
hardly  another  test  for  proUiid  in  the  urine  whicli  is  at  the  snme 
time  so  eaitily  |>erfornied,  so  delicate,  and  m  poiiitire  as  llRLLEtt^a. 
With  this  test  even  U.V:j  p.  m.  albujiiin  may  be  detected  without 
difficulty.  Still  the  student  should  nuL  be  suttbliud  (cith  this  test 
Alone,  hut  apjily  at  least  a  second  test,  ench  us  the  heat  It^st.  In 
performing  this  test  the  (priniury)  albiimoscs  are  aUo  precipitated. 

The  reticfio/t  uulh  met  a  phosphoric  ticitl  (see  pfige  2I>1  is  very 
couvuuient  and  easily  perfurnied.  It  is  uot  quite  tui  delicate  uiid 
positive  as  Hulluh'k  test.  The  albumoses  are  also  precipitated  by 
this  rcuigent. 

itwctwn  vnth  AcfJic  Acid  mul  Potassium  Frrrocynnide.  Treat 
the  urine  fir^t  with  acetic  acid  until  ubout  l^^,  und  then  odd  drop 
by  drop  a  potoaaiuni  ferrocyanide  solution  (t  :^'0),  carefully  avoid- 
ing an  excess.  This  lest  is  very  good,  and  in  the  hands  of  experta 
it  is  even  mure  delicate  than  JIelckk's.  Iu  the  ])L-vst;nce  of  very 
small  (luantiticti  of  proteid  it  requires  more  practice  and  dexterity 
than  IJEi,L£]i*ii,  as  the  relative  quantities  of  reagent,  proteid,  and 
acetic  acid  intltieiice  the  result  of  the  test.  The  quantity  of  suits 
in  the  urine  aUo  svems  to  have  an  influence.  This  reagent  also 
precipitates  iilUnnoeee. 

Si'iKOUiK's' /w^  Spiugler  recommends  a  eolution  of  8  partj 
mercuric  chluride,  4  piirU  turtaric  ueid,  ".iO  parb  glycerin,  antf  S!OU 
purtB  water  as  a  very  delicate  reagent  for  proteid  in  the  urine.  A 
test-tube  is  liulf  hllcd  with  tlija  reagent,  and  the  urine  allowed  to 
flow  upon  iLi  surface  drop  by  drop  from  a  pipette  along  the  wiUI  of 
the  t«8t*tnbe.     In  the  presence  of  proteid  a  white  ring  is  obtained 


■  Hjgiea,  IM.  SO.    Boe  Mtl.vS  Jabresbet..  LJ.  23.  H.  2i\. 
•  WiBD.  kUn   Wochenaclir  .'  1802.  No.  2,  i.nd  CenlrtlU.  f.  Win.  Med.,  tSB3. 
Kci.3. 
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at  the  point  of  contiict  between  the  two  liquids.    The  delii 
thia  test  in  1 :  3A0(im). 

The  nee  of  precipitating  reagents  presiimen  that  the  urine  to  be 
investigated  is  porfoctly  clear,  especially  in  the  presence  of  only  very 
littlt!  prol«i(I.  'I'iie  urine  maAt  iirtit  be  liltered.  'I'liiti  itt  not.  eoaily 
done  with  urine  containing  bacteria,  but  a  clear  urino  maj  be 
obtained,  as  tiug|;eAtcd  bj  A.  Jollki^,'  bj  shaking  the  urine  with 
itifueorial  oartb. 

TUe  diflervnt  color  reaction*  eanoot  be  directly  used,  especially 
in  ileep-colored  urines  n-liicii  only  contain  little  proteid.  Tlie 
coniinun  suH  of  the  urine  has  a  disturbing  action  on  MiLUiN'ii 
reagent.  To  j-'oth  ni»re  poaitively  tbo  prosenoe  of  protoid,  t]i« 
precipitate  obtained  in  tbe  boiling  te;3t  may  be  filtered,  washed,  lod 
tlien  tested  with  Mii-Lux's  reagent.  The  precipitate  mar  abo  be 
diesokcd  in  d  Jiito  alkali  and  the  biuret  test  applied  to  the  Rolntion. 
The  pre-^encooC  ulbumoacisor  po}itone3  In  liie  urine  ih  directly  tested 
for  by  tliiB  LasUineu  tie  tied  test.  In  tcstiog  the  urine  for  proteid 
one  jiiiMt  ncvor  be  eatieficd  with  ouo  tcH  alone,  but  one  nmst  at 
leaift  apply  the  hei^r,  toHt  and  Keller's  test  or  the  potas;iiii 
ferrocyanide  test.  In  using  the  heat  test  alone  the  albumoaes  ota; 
be  easily  overloolced,  but  tliese  are  detected,  on  the  contrarr, 
nELLEK^R  test.  If  we  are  aatietied  with  this  last  tost  or  the  pota*- 
Biuni-ferr(K^yaniile  teat  alone,  we  liuvn  noaiilKcieot  intimation  of  tba 
kind  of  proteid  present,  wlieUier  it  eonaidts  of  albunioses  or  coogo- 
lable  proteid. 

Fot  practical  purpoBOH  fi^vnra)  dry  miinDl"  f"r  proteid  hnvo  bt^n  iwem- 
meniivxl.  Itcniilcs  t)ii;  tn<itnplii>«pljnnr^  luHfJ  mar  Urtncnllone  I  :}$Trrr. «  ftVM^ 
HHiMiKit'it  u«)iitiii  cnpnult'-s.*  wliicb  tutiiuiu  ttu-rrurtc  rhoridi?,  MHliuni  4-lilitt>dr 
BriJ  cilriu  iu;ld  :  siiid  Ueibslkh's  albumin  Uf>i  [uiperb,  wlilcli  oiiu^iut  nf  Mr>]«  •<' 
filler  ]taner  vrL'Icli  liKve  been  <]ippod  In  a  soIuLJiiD  fif  cithe  aeUI  and  alio  Bll9^ 
curiccliliiride  aud  ]>otaasiiim-iodi(li'  ttnlutinti  anJ  llu-ii  diiMl. 

If  the  proftonce  of  proteid  has  been  positively  proved  in  the  urinr 
by  the  above  tests^  it  then  rcmtuna  iieceasarjr  to  determine  the 
Tariety. 

The  detection  of  glohuUn  and  aJhumin.  In  deteetinff  •e^ 
globulin  the  urine  is  exactly  neutralized,  tillered,  and  treated  witb 
magtie^iiini  sulphate  in  subetaiicc  until  it  is  coniploteir  ttatumted  at 
the  ordinary  teiniwratnre.  or  with  an  eipial  volume  of  n  Baturateil 
neutral  fiolaiion  of  ammonium  sulphate.  In  both  cases  a  white, 
floccnlent  precipitate  ia  formal  in  the  presence  of  globniin.  fa 
nsing  aiunioaiuni  sulphate  witb  a  urine  rich  in  urates  a  precipitate 
consisting  of  auunouiuin  urate  may  separate.  Thia  precipitate  doM 
uot  appear  immediately,  but  only  after  a  certain  time,  and  it  uiDsl 
not  be  mitiLaken  for  the  globulin  precipitate.  In  detecting  wf* 
albumin  heat  the  (iltrute  from  Ihe  globulin  precipitate  to  boiling- 
point  or  add  about  1^  acetic  acid  to  it  at  the  ordinary  tempenttore- 

•  ZeUscUr.  f.  anal  Cinm.,  fU\.  !>0. 

*  In  rrfrartl  to  Utis  andoltiGr  r>«i^fL'uuset»IIup|iert-NeulMiuer't  BananalfP. 
la  Autt..  S.  -138. 
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Aliumoses  ami  j/e/j/ottes  Imve  been  rej>eate(lly  fuiitid  in  Uie  urine 
in  different  diseases.  L'nqiicfltionuble  ol)4erviitioii8  ure  ul  hatid  on 
theoocurrenrttfif  nlbumoAOH  in  tlienrinc.  Thentat^Mnent!)  iu  ro^'ard 
to  the  occiirreuco  of  peptun^s'  dute  in  purt  from  a  time  when  the 
conception  of  aLbamoses  and  peptonea  was  ditlercnt  from  that  of 
tJie  pretwnt  day  aiui  in  poj-t  tlicy  arc  banod  upon  iiivwtigtiticiiiB 
using  insufficient  niethoiU.  It  is  difficnlt  to  ;;iTe  anything  poeitive 
in  regard  to  the  occurrence  of  so-called  true  peptone  in  tlie  urine, 
and  the  study  of  peptonuria  seeina  to  require  thorongh  inveetiealiou. 

lu  detecting  oli'Hmoscn  finit  remove  all  cougutable  proLfidrt  by 
boiling  with  the  uiMition  of  acetic  acid.  The  tiltiate  'm  then  tested 
by  the  hinrt-t  test,  and  when  ibis  givoa  pomtive  resulu  aj'ply  the 
three  pn-viously  mentioue*]  itthnnuwe  reagenta  (page  34),  nitric 
acid,  acetic  acid  and  potassium  fcrrocyanide,  and  ^ituration  with 
common  salt  with  the  udditioii  of  acid.  The  !Uhiimoees  may  also  he 
precipitated  by  saturating  with  ammonium  gulpbato  in  subitanco, 
and  the  detecUon  of  ulbumoses  tie,  well  im  tnm  pe)itone8  is  beet  jter- 
formed  hy  the  aid  of  UiIr  salt.  AocordiD^  to  Dfivoro*  we  procised 
as  follows: 

I)RV(»To's  mefhrid.  The  cimgnhilile  proteid  is  precipiUted  by 
ammniiium  sulphate  a^  directed  nn  jiage  y.l.  The  precipit-Hte  iilso 
contains  the  albiimosetL  IF  true  ]teiitoiie  itt  preaent,  it  is  found  in 
the  tiltrate  and  may  be  tested  for  ilierein  by  moans  of  tliu  biuret 
tent.  The  }ire<^t]iitate  is  wanhed  wiLh  a  saturated  solution  of 
ammonium  ttnlphatc  and  then  trented  with  water.  The  coagulable 
proteid  rcinaius  undisisolTed,  while  tho  alhumnAefl  dissolve  and  may 
be  tested  for  hy  the  biuret  te«t.  The  dentoi'o*alhnmotse  arc  nover- 
Uieless  not  couipleLulr  precrpiUited  hy  the  atmnontuai  sulphate,  and 
a  mistaking  of  thii>  for  true  jteptone  may  occur. 

In  tMtin^  for  peptouo  in  the  old  Miiee  wc  ma]K*u(H!  of  Salkowiisi'ii'  mocli- 
flcation  nf  Hofwbirtbu's'  iimiUkhI.  SUc.  p.  of  tlie  urim?  In  he  icsti-d  ia  scir  jRH 
iritli  S  r.  r,  hvilmcliloric  Dcid,  )iriM')|iiliitrd  with  pIniitphn-tiiiigHiic  iidd  nnd 
wat'uvd  on  h  wire  k*u>«.  Ae  ttonu  as  tlie  precipliaie  Is  oiivvrtwl  to  a  rrslnoDei 
iiiuui  tbe  li<iuid  la  pounid  off  as  well  as  jiouaible  and  the  niaAawR»b«d  twice 
Willi  disfillfd  wHt.r.  It  is  iLpii  dlsselrcd  in  nbont  8  c.  C  wnti-r  by  lln?  aid  <>{ 
0.5c.  p..  c&iiaiir  t^oda  of  pp.  pr.  MS  aiid  w-amicd  until  the  b9u»  solution  is  dt^ 
coloriuni  (|;iBviili  yellow  or  y«>ilow).  This  iMtliiUon  i»  iiKtil  a(Wt  titoMtig  fur 
tU*  liiiirrl  trnt  Iijr  tlip  ailiiitimi  iif  ■  ropiwr  aalDtion  (1-2$)  ilpip  Ijy  drop. 

Ai  iliv  (frtnteni  limo  we  buTf-  nv  tnistwortUy  luvibwi  (or  tlio  quantltattve 
wiimatiiiu  oi  ulbuiuuseH  and  peptouts  lo  lUe  arine. 

'  In  reganl  lo  the  lileratnre  on  allmirmnrn  nnd  pr-puine*  in  larfne  we  Hup. 
pert-NvDhaucr-tlarnanitljDw,  10.  Aull.,  K  4lllt  to  A'A'i:  aim  A.  Stoffrvj^eu,  CuLrer 
dan  Vorkoiomoo  von  I'uptori  im  itnrti,  Spulnin  and  [^Iter.  Inau);,-Dii<s.  Dorpat, 
IWl  ;  H.  Hinwbfeldt,  Elo  Behrau  ziir  Frajte  der  P"|'t'inurii'.  Inaiij;.  Di.i.-*. 
Purpat,  1S09:  and  oHpeuiallyStadeluiuiu,  UutcriiucliuijjfvuQtjijt  die  Ptfittonnrie. 
Wieabtolen.  1694. 

■Zeitwlir    r.  pltysinl.  Chem..  Bd.  15. 

'tVi.tnibl.  f.  d.  mcd.  WiuQDBCli.,  1894. 

*  '^MtiMciir.  f.  phyaiul.  Cham.,  Bd.  4. 
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QuantitatiM  EsUmaiion  of  Proieid  in  Vriw.  Of  all  the 
inethoiU  ]>m[ioiied  thus  far,  the  I'oAaitLATios'  URTnoD  0>oiline  with 
the  addition  of  acetic  acid)  when  performed  with  sutticieni  care 
f(\vei  the  best  reuults.  The  arerage  errors  tieed  never  aoioaat  to 
inori!  than  O.Ol:^,  and  it  m  generally  amaller.  lu  utuiig  this  method 
it  U  heat  to  titvt  fiiiil  lutw  much  acetic  acid  must  lie  added  to  a  uniJl 
portion  of  nrine,  which  has  been  prcriouslj  heated  OD  the  wsteh 
bath,  to  completely  separAte  t)>e  proteid,  «o  ttmt  the  filtrate  don 
not  respond  to  Hbllbr'b  test.  Then  couguhite  20-50-100  c.  a 
of  the  urine.  Pour  the  urine  into  a  beaker  and  heat  on  the  Tatcr* 
bath,  add  the  reqnired  quantity  of  ocotic  acid  slowly,  Hlirriitg  con- 
stantly, utid  limit  uL  the  same  time.  Filter  while  warm,  wash  first 
with  water,  then  with  alcohol  und  ether,  dry  und  weigh,  aih  and 
weigh  afffti'i.  In  exact  determination  the  tUtrato  muat  not  gin 
Hrllkk's  tost. 

The  alio ve- mentioned  method  of  J^rvoto  may  alao  be  uaed  ia 
the  qiiantitatiTe  udtim»tion  of  ooagulahle  proteidit.  The  error 
ori^inutJug  from  the  precipitation  of  nrio  acid  and  other  urinary 
fiongtitnnnts  by  the  ammfmium  sniphate  is  so  very  small  in  ordinary 
vasefl  where  the  precipitate  is  carefully  wa»hed  that  it  is  unimpor- 
tant (Uedrluis  ').  In  the  presence  of  only  little  protcid  in  a  urint 
rich  in  one  acid  it  may  on  the  ciintrary  ho  quite  considerable. 

The  eepar&CaeBtinmtLouuf  ulohii.ixs  and  alddhinh  is  done  by 
carefully  neutratizing  th'B  urine  and  prepcipitating  with  Mt^^^O, 
adileil  to  Batni'fltifin  (AlTnnii),  or  nimjily  by  a«Kliusr  an  equal  ryhimc 
of  amitiinited  neutral  eolntiou  <jf  aiiimotiitim  titilpliatti  (fUiFMiiihTKU 
and  PoKi.').  The  pret^ipitate  consisting  of  globulin  i^  thoroiit;lil;r 
washed  with  a  saturated  macnesinm  sulphate  or  lialF-«utturHleil 
arnnioninm-tiulphate  suhition,  ilHud  continuously  at  LlU°  C,  boiled 
with  wutor,  citrocted  with  alcohol  and  etbor,  then  dried,  weighed, 
«hed,  and  weighed  again.  The  qnantlty  of  albumin  is  calculatad 
w  the  ilifference  between  the  quantity  of  globniine  and  the  total 
proteids. 

Approximate  Estimation  of  J'roteid  in  f'riru.  Of  the  tnethodi 
8ng!;f»i[>ed  for  tliis  purpose  none  hae  boon  more  extenaiTely  employed 
than  Khiim'II's. 

_EsftAcn'.s*  method.  The  acirlified  urine  (acidified  with  aoetio 
soid)  ia  poured  into  a  sgwclally  graduateil  tube  to  a  curtain  marl; 
and  then  the  reagent  (a  2^  citric-acid  and  l-i  picric-acid  Bohiiion 
in  water)  xi  adileu  to  u  second  mark,  the  tube  ia  cloeod  with  ■ 
rubber  stopper  iind  carefully  shnlicn,  avoiding  the  prnduction  of 
froth.  The  cnho  i<<  allowed  to  tit:iiiil  twetity-foor  hoiirti,  and  thea 
the  height  of  th?  precipitate  in  the  graduatod  tube  is  r«»d  oS.  Tba 
rMdinji  pvw  directly  the  quantity  of  proteid  in  IU(H)  ports  of  thi 

■  Upoftla  I^kikirfH  I'orli .  Bd.  87.  and  MkI.t's  Jahmber..  Bd.  tt. 
»  Arch    t.  f.%\>.  l»aiU.  u.  Pharm..  BH.  ao. 

*  In  n^fcarrl  W  tl><t  lui-raliirt-  iiii  lino  nD^Lhixl  end  ihe  Baowrans  •xparlaagOB 
iodel«ru>ine  iu  valua  aoa  Uu|>i)ert-NoulMu«r,  10.  AuH.,  S.  8U. 
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orine.  Urinee  ricli  tti  proteid  mnst  first  be  dilated  with  watvr. 
The  raeulcs  obtuiaod  by  this  nicthod  aro,  }inwc7or,  dcjiendont  upon 
the  temperature;  iiud  udilTerence  in  tentperatiire  of  5°  to  fi.5"  C. 
inftv  in  urines  containinir  a  medium  ^jnantity  of  proteid  cause  an 
error  of  0.'-M>.34  deticieuty  or  exce^  (C'liuisTEVtiKN  aud  Myouk). 
Tills  tnetliod  i^  uuly  to  bu  u&ed  iu  u  rouui  in  wbiuli  tlio  Usmpvnitiire 
in&y  bo  kept  nearly  constunt.  The  directions  for  tlie  utie  of  the 
BppantDs  accompany  it. 

CiiRieTKxsEK's  and  MrfifiR's'  melhnrl.  fi  c.  c.  of  urine,  after 
being  ocidifietl  with  'i  drops  of  acetic  Hcid,  are  poured  into  n  soino- 
what  modided  burette  and  precipitated  vlth  a  certain  quiintily  of 
a  in  tannic-acid  solutiou  and  tli«[i  treated  witb  1  c.  c.  of  nuicilnce. 
After  the  addition  of  wuler  to  a  certain  mark  uttd  after  inverting 
the  tube  several  limes  a  uniform  emulsion  is  prodtu'ed.  A  cylin- 
dricul  glass  tilled  one  hulf  or  one  third  with  wuter  ia  now  placed  on 
a  white  surface  havinj;  a  number  of  rlo-ie  Itlnck  linefi  traced  npnn  it, 
and  the  contents  of  the  burette  are  gradually  added  to  the  water 
with  constant  stirring,  until  by  clwe  obtwrvation  the  black  liucs 
cannot  even  be  distiugnishod  from  the  white  epaceg.  The  reading 
of  the  ({uanlity  of  urine  emulBion  ein|dDyed  gives  direotly  the  tjuan- 
tity  of  proteid  in  the  urine.  This  method  is  claimed  to  give  very 
good  roaiilts.     A  epecial  descriptiou  uccompunieA  each  apparatus.' 

Tb«  mi'tlind  [>r<ijin«eil  hy  ({(iiiKitTit  nntl  STor.NtKr.iw  .ind  fiirthiir  'IfTnlnpwl 
bf  BeahUukiui,  ili'>ugli  suiiitrwiial  niom  ditSiMili  lu  perforin,  slsotfivi-n  fM'ts- 
tftctorjr  JvaulU.  Tho  dcii»ity  inrDi'x]:^  of  J.^no.  llrrPKHT.  nml  iTknOR*  mn* 
al<»>  very  pM><i.  Tho  lii*t  mnHiKtH  In  ili-twiiiiiihig  tlin  npneiilc  gravity  huforn 
uid  nfier  ihc  c»iit!u latum  of  tbv  i^rotdib. 

XualMslbamln  nnd  Vuln.  NiirletialbumlnM^mnto  lMMLrf>j;i]larrrn.iiini#nt 
of  Drin«,  nllliiiiiffli  urdiunrity  it  uiily  oociini  in  verj'  aina?!  ()uaiititi«a.  Mucrii 
b  allvg«d  tu  •'C4UI  in  stunll  quuaiiti*^  uud«r  normal  cindiliou-^.  LxH  n|ip«nrs  iu 
er«iitcr  qiinniiilHi  ia  eatarrhnl  afloctions  of  thn  uriimry  pnxsugm.  Tlirra  i»  no 
doot»t*  tlinC  foaen  ^xjst  in  ivltich  triit^  mucin  occur*  in  tin'  nriofl.  in  tni>t>t 
casm,  n'-vt-rii»'l(W«,  w-o  »»<  <Iniititlr>a  i]«ia)iiig  wUli  aniLclnualbumlii  aliuilar  la 
mnein.  wliich  i]riirioa.n>a  In  tbe  kiduej-a  or  urinary  |iassat:es> 

TntlL-i^t  muein  In  uritic,  U  nmat  flrat  be  diluted  wltb  wat«r  to  preT«nl  a 
prvci|)it4it  ion  of  tli«  urii?  acid  on  Hul'wiiiueiil  additJDQ  of  acid,  nndalito  lo  r«duoe 
tbo  M>IVL>ni  iictloD  of  tba  ''niiininn  «ii1t  of  tbc  urine  on  iliu  luuciti.  Now  add  an 
exQOwof  «r«llc  acid.  Tlif  pfv-cqn (am  firiut^  in  piir<lie>d  hy  diK^i>1viit)];  in  wiitcr 
witli  ibe  addilioo  n{  a  litil>!  alkali  and  nprcdpitatRd  «ril!i  arctic  acid.  Tbe 
pret'lpiiata  is  (c)R<;4  wilb  the  ordltiaTy  iiiucta  rtttjiEouts  To  avoid  luistakiiiK 
mucin  fnt  Duclmalbuinin,  whl«^i  Id  mttiiUr  to  mucin,  tbe  nr<vipitate  luuRt  b« 
t«-«tpd  in  ri-cnrl  to  ita  littbavinr  od  b<ii)m^  with  dilute  uuni^ml  aciiLi  If  do 
rvducrni;  »ub«tiLii(ra  Ls  fornied  by  tlils  ireaiment,  it  conlalos  no  luucin.  To  de- 
tect Bueleoalbuaiin  vrn  proco«Mi    )&  tliv  same  tnauuvr.  but  it  ia  b«tter  to  ro- 

>  Se«  Mnly'i'  JaLn-F^bor. ,  Bd.  16,  S.  SH. 

■  ThP  apparatus  may  lie  obtainvd  from  <'.  Knudsen  iu  Co)ieRhajrt*tiL. 

*  In  regard  to  tbrao  micbodH  itao  Ilupport-Neiiliauer'sllaruaualyae,  10.  .\ufl,. 

•Ser.  B.  Maltaui,  Maly'i.  Jabreabcr.  Bd.  21.  8.  33. 

'to  rccani  l'>  tbo  litmturt-  iton  IIi]pfH-rt-Ncubau«r,  9.  540  i  l/innlwrg, 
irpKnIa  l^akarufn  FOtn  ,  Bd.  30.  K.  MOrner,  Ilygm.  tid  58;  Oberroayer. 
Oontrolbl.  (.  kliD.  M«tt..  Bd.  13. 


Tflff  rf/ttAS. 


move  the  BaltH  from  tbo  urino  bv  icivuih  of  diklj'al.-i  (K.  MiiuNiut ').  TWo  jtt' 
cipitAtc  wttli  aaC  too  mucb  nrrtic  ik  id.  To  deteritiin^  if  tlip  pr«ci)>il«t<'  mn- 
»UtM  u(  Qurlnjitltiuiuii]  oTft nudiMipriiLcid,  w-e>l>-8t  Tor  xaoUiiii  lituy-Hulivrtmillag 
Willi  an  kciij.  t.Ai'cv  qu&iitiikit  uf  tlie  pnKipitalo  arv  D'  O'^iwry  Tur  tLl*  I'or- 
poe« 

Blood  and  Blood -color  lag  Hatters.  The  urine  may  contaiit 
blood  from  livuiurrhage  iu  the  kidneys  or  other  parts  or  the  uriouj 
passages  (h^uaI'L'uia).  In  theac  caecs,  when  the  4|uiiutitji'  of  lilood 
iH  not  very  Hmall,  the  «riilo  is  more  or  lesH  cloiiiJ^v  and  colond 
rcddiah,  yellowiah  red,  dirty  red,  browniah  red,  or  dark  hrown.  Iu 
recent  heftirtrrh:»ges,  in  which  the  blood  lias  not  docompoHtid,  t)it 
color  is  nejtrer  hlood-red.  Blood -corpuscles  may  be  found  ia  tlie 
Kedtmeutf  Gomeliuitii)  ulno  bluod-caatii  and  euuiLler  or  larger  blood- 
olota. 

Iu  certain  cases  the  urine  oontains  no  hlood-rarpiisclee,  bnt  oolj 
di^olved  blood-eoloring  matters,  lia>moglobin  or,  »Dd  indeed  i^uitt 
ofton,  nielliiviiioglobin  (n>f:MOiii.uuiNi;KTA).  The  blood -pigmeoti 
apjicar  in  Llm  urine  tiinler  dilTereiit  (?onditio(is,  ub  in  diBBolutionof 
blu>iul  in  puitiuniiig  with  nrtteniurottud  hydrogeti,  chlorates,  etc., 
after  eeriuufl  hurnH,  ufLer  iniimfnKioii  of  blood,  and  ttiso  in  tin 
periodic  uppearani'Hj  of  haMiiu^lnbiruiria  wiih  fever.  The  urine  nuv 
in  batinoglotiinuria  also  Iiuyo  an  alinndaiit  grayigli-bruwii  sedtiouil 
rich  in  pmtoid  which  coutnius  tho  remains  uf  the  stromata  of  Um 
rpd  blood -ciorpuHclee.  In  animals  hivmojilohinnria  may  be  prodnotit 
by  many  caiineH  which  force  free  hipmoglobin  into  liie  platunA. 

To  dt!tec:t  hhxjd  in  the  urine  we  iniike  nise  of  the  micropropOi 
flpccLroecope,  tho  giiaiaciiin  test,  find  IIei.i.kr's  or  Hklleu-TeicB- 
)iA.v:<'»  test. 

Mi'.rusropif.  InnfMi^atuiH.  TJio  bloofl-eorpuaclos  may  renuMl 
undiE«olved  for  a  long  time  iu  ai'id  urine;  in  alkaline  nrine,  on  tb« 
contrary,  they  are  easily  changed  and  dissolved.  They  ofum  ajipcM 
entirely  onchangod  in  tlio  sodimcnt;  in  Bomo  caseA  they  are  dif- 
letided,  and  in  others  inie'pially  pointed  or  jaggod  like  a  tbon- 
applo.  In  hcmorrhago  of  the  kidneys  a  cylindrical  clot  ia  lometinw 
found  in  t\w  sediment,  which  it;  coverod  with  uumcrons  ro^l  blood- 
corpuscles,  fortning  uaiitH  of  the  urinary  jhaisfiagea.  These  formattou 
are  called  hlooi (-casts. 

T!iB  Hpectrtmcfipic  invest ii/ai inn  in  naliimlly  of  very  great  rolne; 
and  if  it  bu  tiecu8«ary  Ut  determine  not  only  the  preseooo  but  alw 
the  kind  of  coloring  matter,  this  method  ia  indispeoBable.  In 
regard  to  the  optirjd  behavior  of  the  variona  blood -pigments  we 
muet  refer  to  Chapter  VI. 

■  K.  MOroor,  H^sii:^  Bd.  SS. 
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Ouaiaettm  Tist.  Mix  in  a  test-tabe  eqnnl  voltimes  of  tincture 
of  giiaiftcuin  imil  ohl  turpentine  which  has  become  stronj^j  ozon- 
ized by  the  action  of  air  under  the  influence  of  light.  To  this  mix- 
tnre,  which  must  not  have  the  atightest  1>lne  color,  add  the  urine 
to  be  tejited.  lu  the  presence  of  blood  or  blood-pigmeiitii,  first  a 
bhii«h-green  and  then  a  beautiful  blue  ring  appears  where  the  two 
lictnidg  meet  On  shiiking  the  niixtiire  it  becomes  more  or  leK 
blue.  Normal  nnne  or  one  conta.iniug  proteid  does  not  give  this 
reaction.  For  the  explanation  of  this  we  must  refer  the  reader  to 
Chapter  VI,  page  134.  Urine  contaiuiug  pus,  although  no  blood 
ia  present,  gives  a  blue  color  with  theee  reagents;  bnt  in  this  caee 
the  tincture  of  gaaiacnni  alone,  without  turpentine,  is  colored  blue 
by  tlie  urine  (Vitali').  This  is  at  least  true  for  a  tinctare  that 
Las;  been  exposed  for  some  liuio  to  the  action  of  air  and  sunlight. 
The  blue  color  produced  by  pus  differs  from  that  produced  by  blood- 
coloring  matters  by  disapj^eariug  on  heating  the  nrino  to  boiling. 
A  urine  alkaline  b/  decomposition  must  first  be  made  faintly  acid 
before  performing  the  reaction.  The  turpentine  should  be  kept 
exposed  to  sanligbt,  while  the  tincture  of  guaiacum  must  be  kept 
in  a  dark  glass  bottle.  These  reagents  to  bu  of  use  must  be  con- 
trailed  by  a.  liquid  containing  blood.  This  test,  it  is  true,  in  posi- 
tive rosulU;  is  not  abtKjlutely  decisive,  because  other  bodies  may  give 
a  blue  reaction;  but  when  property  performed  it  is  so  extremely 
delicate  that  when  it  gives  negative  results  any  other  test  for  blood 
is  superfluous. 

Heller-Thichmank's  Te^t.  If  a  neutral  or  faintlr  aeid  nrino 
contniriiag  blood  is  h<!<Abed  to  boiling,  we  always  obtain  a  mottled 
preripitate  consit^ting  of  albumin  hikI  hn^niatln.  If  caustic  soda  is 
uddt^l  to  llu!  boiling-hot  let^t,  the  liijuid  tiettomes  rluar  and  turiiH 
^n>en  when  exaniineil  in  thin  layers  (due  to  huimatin  alkali),  and  a 
nsd  precipitate,  appenring  green  by  reflected  light,  re-forms  wliich 
consist*  of  earthy  phosphates  and  hwmatin.  This  reaction  is  called 
Hki.ler's  blood>te8t.  If  this  precipitate  is  collected  after  a  time 
on  a  small  Alter,  it  may  be  usetl  for  the  hivmiu  te<<t  (see  page  IVi). 
If  the  precipitate  contains  only  a  little  blood-coloring  mutter  with 
a  larger  fjuantity  of  eartliy  phospbat^e,  then  wat-h  it  with  dilute 
aoGtic  acid,  which  dissalves  the  earthy  phosphates,  and  nee  the 
residue  for  the  prflparation  of  TKiniMANN'H  Winin  cn-stals.  If, 
on  the  contrary,  the  amount  of  phospliates  is  very  anjall,  then  firpt 
add  a  little  L'uCl.,  solution  to  the  urine,  heat  to  boiling,  and  add 
simaltaneouflly   with    the   oaustic  potash   some;  sodium-phosphate 

'  Hvv  Male's  Jiil>r«ffber  .  Bd.  18.  8.  834. 
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fldation.  In  tbe  preseace  of  only  very  email  qaantitieB  of  blood, 
first  mtike  the  urine  vory  faintly  alkuiiito  with  mnnioniu,  u'M  tatnik 
luiid,  acidifv  with  noetic  acid,  and  n»e  the  precipiUte  ia  the  pnp- 
umtion  of  tiio  linimin  ciyatals  (Stuuve'). 

Heematoporphyrin.  Since  the  occurronce  of  hsmatoporphyria 
in  the  urino  in  viLrious  dideaeea  has  boeti  made  very  ])robnlile  bj 
soToral  inreetigikiori),  mich  ua  Nel'shkr,  Stokvih,  MapMl-kx,  Is 
Nobel,  Rlissel,  Oopeman,  nnd  others,*  Salkowski  '  hug  poeitivelj 
ehowQ  the  prceonco  of  this  pigniont  in  the  urine  after  snlpbonal 
intnxicationB.  It  was  first  isolfitcd  in  a  pnro  crrataJline  state  by  tbe 
ADTiion '  frnm  the  iirioe  of  iuguuo  vronicu  after  sulpbnnji,!  ititoxin- 
tion.  Accorditif;  to  Gauhoii'  traces  af  ha>nuUopur[>hyria  occur 
rogularty  in  normal  uriiica.  It  is  also  fonnd  in  the  nrine  during 
difTcrcnt  diseases,  although  it  ouly  occure  in  email  quantities.  It 
has  boon  found  in  conaidcrublc  qnuntities  in  the  nrine  after  iutoii- 
cation  with  sulphonal. 

Urine  containing  hteniatoporphyrin  is  aometimes  only  sllgfaUj 
colored,  wliilo  in  other  cases,  us  for  example  after  the  use  of  ml- 
phonal,  it  Is  more  or  less  deep  red  in  color.  The  color  depcndain 
these  lust- mentioned  cases,  in  greateet  pivrt,  not  upon  bienuuorpo- 
phyrin,  hat  upon  other  rod  or  reddish-brovn  pigments,  which  bin 
not  been  sufficiently  studied.  The  pathogenic  moment  of  henutft- 
porphyrinuria  is  according  to  STOKVia*  an  absorption  and  elimin*' 
tion  of  the  hlood  emptied  into  the  intestinal  tract  or  present  then 
and  changed  Into  hiematoporphyrin. 


In  detecting  hiematoporpbyriu  the  urine  is  precipitated 
olkaliuo  barium -chloride  Rolution  (a  mixture  of  equal  volnmee 
bariiiin-hydrete  doiiition,  saturated  in  the  cold,  and  a  10^  bariaa 
chloride  ^oltition  ticcordin^  to  Salkowski),  or  the  nrine  ii  mMle 
strongly  alkaline  with  a  soda  solution,  according  to  G.vrrod,  whieli 
precipitatea  the  cartliy  phoaphuteB.  In  both  cases  the  lifijmato- 
porphyrin  in  carried  down  wit)i  the  precipitate,  while  urobilin  Mui 
certain  other  pigments  remain  in  biolntion.  The  waehod  prccipitslt 
is  allowed  to  stand  some  time  at  the  temporatnrc  of  the  room  with 

'  Z«itMlir.  f.  BD&l.  Chum..  Bd.  II. 

*  A  Torv  completa  irdpz  of  the  literature  uu  luuiutttop^rpbrrin  io  tht 
may  be  round  liy  It.  Znjk,  gu  ({umlclia  pigimiutu  di  klcuuo  uriD«,  «Ui.,  ia 
ItAl.  illcllii.  Mcd.iaSS. 

» ZcfUcUr.  r.  Pliyeiol.  Cbeiu..  Bd.  15. 

*  Sksnd.  AKh.  f.  flij-ftioL.  B«i.  3. 

*  Joumst  ol  i'lty.<ilal.,  vols.  V<i  and  17. 
«  iSeitacUr.  f.  klin.  tivi.,  Bd.  SS. 
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Icohol  containing  fa^droclilonc  or  salphanc  acid  and  then  filtereii. 
Tlie  liltrate  showa  the  charactcriatic  eiJcotnini  of  heRmatiiporjtliyriii 
ID  acid  soltition,  itrul  gives  the  HimotriiiiioriilkMlitieiiKiimutoporfhyrin 
after  satiiralioQ  with  ammonia.  If  tlie  atcoholit-  nolution  is  mixed 
with  chloroform  and  a  hiTHv  ({uaiiLity  of  wuter  added  nnd  oarefullr 
shaken,  sometimes  a  lower  Ittyer  of  chlorofoiTU  is  obtained  whicu 
oontaiiiB  Tery  pure  hiBumloporphvrin,  while  the  upper  layer  of 
hIcoIioI  and  water  contains  the  other  pigments  licsidea  some  IitemaLo- 
rphyrin. 


r 


lUDsi.rrAnR '  found  in  n  cusc  of  J.-prfifiv  iTt-n  clinnwfi^Hflk  colorlog  inntti to 
Id  ll'tt  urine,  "  iirornbruliivtiiatin '*  and  "  urofuwrobifiniBthi,"  wbicli,  na  llieir 
Bsiiii^  luillraie.  i)«em  luniand  In  c]if»TvlniIoaalii|ito  ti  e  bli>od-colorln|f  raaiiwra. 
tTrorttl'riiftirmiUtn .  ('■■[[•■NiFi-sUk,  conifiinB  iron  nnd  sbowa  iin  BlM^rfdioD- 
itad  ill  front  of  D  and  a  browlirr  unc<  bnck  of  JJ.  In  iiikaliiiL'  anliitiun  il  »Loua 
foar  iMuid'',  lieliind  D.  m  E,  l)v}-c>iid  y,  and  brkiLinl  O.  It  ia  oni  soluble  citUer 
in  wftier,  nlfTnliiil,  etber.  or  clilorofnnn  It  given  u  br-aiitlftil  lirownisii-fM  hab- 
diclin>>ti(  liiiuid  Willi  iilkali«i>,  t'riij'itfiatliiriiiiittn,  ('■,ll,gtN,4l,,,  wluc:lt  in  Invi 
fpHU  irwn,  Hii'in-n  uo  cl  <iriii.'i'*fii''ir  "iHWtriiin;  i'  ili"»ri!vt-!i  in  iilkaliwtt,  proilucinK 
ft  brown  enlnr.  It  nnuilnN  in  Imj  proved  whether  ihese  two  pit^neniti  trn.-  rulaiod 
to(inipurf)  liieiuati)|'urpli,vrin 

Maluiln.  lit  llis  piefbcncc  nf  inplanotic  CAniwra  dark  c^lormg  mattrn  ara 
•emuttiiitis  aliniioiifd  with  ilie  urinv.  K.  Mohnrk'  has  tMilnied  two  pip- 
mentii  (r>ni  eiicU  n  iitiDC.  o'  wbicli  our  wiisRolubh  in  ^nnii  SU-7SY  ocrtic  ncid 
and  t'lr  itlhur,  <m  t!i»i  riiniriirr.  "u«  iiixolulilc  Tin?  mii-  mtithiI  to  U?  p/iuifint- 
fir/i'int  iv'i!  (,'liftptiT  XVI).  Uftmilly  lli*  Ufttit^  dwa  tint  i-fiutuici  uuj'  iiipIuii i ti . 
iiut  a  ehmino^tiit  i<r  lufrlanlii.  a.  mtl'tnoffrH.  lu  tuch  cance  thu  urine  ^\vva 
£l9ei.T'fl  rvac-tinij,  livcmniiif;  dark>ci-ton-d  with  ox i dining  a^nta  BQcli  As  cnnc. 
aitfle  kcii),  potvctLum  biclinniiuti-,  und  aulphuric  Kcid.  u  w^ll  bs  wltli  iitm  ihiI- 
phiinc  acid.  Drln-  oiKlAlnini;  uuLaniii  or  metanogen  is  colorpd  black  bjr  fer 
Hc-cli|.iri'li<ai>]utbin  (v.  J^kmii*]. 

UroroMin,  »o  dH'ii*-!!  bv  Nkncki.*  is  »  urinnry  cnlnrinfr  tnnlli'r.  mrcnrring  Id 
Tari'iui  diM-uitrB.  which  iL[)|i4>Ari'  on  the  acidilicaijiiiiof  tliv  uriiiti  wiili  a  uiiuurat 
acid.  ni>(l  wli  ch  is  takrn  ti])  1iv  ^liaking  wtt)i  ainvUnli^oliol.  'riK^flrrinlion  rtliiiwa 
an  nlKHirpliuii-band  bntivt^t^n  If  mid  K.  Tliin  fiij^iitrtit,  ubicb  Ih  not  mtlubli'  In 
chlurofurm  "ruibi-r.  ib  not  ideuncul  with  liidLo-rtnl.  AlKnllvedocolorlze  the 
tolalioa  nf  tlilH  pijrment  imm^ditilelj,  trnA  U  is  abn  rattier  quickly  lib-acWl  I97 
lixliL  AccnrdinK  to  ZaWadskI  *  iiraroBcin  is  derived  fmiii  urobiliti  bv  oxida- 
tn»n.  Vroerylhiin,  wbicb  jjivrn  n  rcitw-rfd  color  lo  thi-  urinnrj-  itrdinx-nlit 
CB|HN:iAlLy  in  fi-rura,  aeema  to  occur  nlw  la  ariii«  untltir  pbysiulu^ical  ct4)dl- 
lons. 

lu  occurs  in  the  nrine  in  different  inHammatory  alTectioDB, 

lly  in  catarrh  of  tlie  bladder  and  ld  iaflamnrntioD.  of  the 

ibmne  of  the  kidiievR  or  the  urellim. 

Pug  is  best  detected  hy  means  of  the  microBcope.     The  piiB-cells 

are  rather  etuily  d&ttroyod  in  alkaline  tiriucs.     In  detecting'  pus  wc 

make  tine  of  Ponnb^s  pns-teat,  irhich  i<(  performed  in  tlie  foUowinft 

way:   I'our  off  the  urine  from  the  sediment  as  carefully  as  poesihio, 

ilace  a  small  piece  of  caustic  alkali  on  the  sedimeut,  aud  sttr.     If 

'  PflBx«fr*8  Arch.,  Bd.  S. 

»  Z*lisc!ir.  f.  pbyslol.  Chem..  Bd.  It. 

'Ibid..  Bd.  13. 

*  Nwicki  und  Si«her,  Journal  f.  jirakl.  Chflm.  (N.  F.),  Bd.  M. 

*  Areh.  f.  «Kp.  I>atb.  u.  Pliann.,  B(l.  28. 
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the  pas-cells  liaro  oot  been  previonsly  diangad,  the  ndi 
coiivurtcd  by  Uii>^  means  into  a  slimy  tougli  mtisa. 

The  puH-cor|iii!:icleH  KweLI  up  in  alknliiie  urines,  dissolve,  or i 
leoKt  arc;  bd  changed  that  they  cauiioC  bxj  recogDlzed  onder  ihc" 
uiicrosuupe.  'I'tie  urine  in  these  cuses  m  mora  or  less  aJiuir  or 
flbnmtj,  and  it  is  prectpitutt^d  in  large  tlukea  by  luretio  acid,  eottut 
it  iniiy  po^ibly  be  mi^tukoii  for  mucin.  The  cloeor  ioriMtigaiioa 
of  iliu  preitipTtate  prodnceil  by  anetic  acid,  and  eapeciaUy  tiu 
App»iraiico  nr  non-itpppearatico  oF  a  reducing  anbstance  after  boiling 
it  with  a  mineral  acid,  demonstrates  the  nature  of  the  precipiuiM 
auliALince.     Urine  containing  pug  always  contains  proleid. 

Bile-acids.  Tl)t«  Ktatementa  in  regard  to  the  occnrrenoe  of  bik- 
aciri^  in  tlm  urine  tuidcr  physiological  conditions  do  not  agne. 
Aooordin^to  Draoekiiokpp  and  UOnb  traoee  of  bile-acidaoeciviB 
the  urine;  aucordiug  to  Mackay  and  v.  UhbAn'szkt,'  theydon«l 
Pathnlogioiilly  they  are  present  in  tiie  urine  in  bejutugeuic  iclemi. 
although  not  alwiiys. 

Deif:vlio?t  of  Ifile-at->tls  in  the  nrine.  Pl-ttknkofek's  ttH 
gives  the  most  decisive  reaction;  but  as  it  givi-a  similar  nJof 
reactions  with  other  bodies,  it  must  he  supptementttd  by  iheHH«:tn>- 
scopic  Investigation.  The  direct  test  for  bilc-ax^ids  is  eu^y  afur  tiie 
addition  of  truces  of  bile  to  a  normal  urine.  Kut  tlie  direct  deW- 
tion  iu  a  colored  icteric  uiiue  is  more  diflicutl  and  giret  ^tfj 
misleading  rosulia;  the  bile-acid  must  therefore  always  be  isobttd 
from  tlio  nritiQ.  TlLis  may  be  done  by  the  rollowing  metliol  of 
HorrK-.SKYi,KB,  wbicb  is  slightly  modified  in  non-eaaeotiul  poinu. 

IIoi'I'l-.Seyleu's  Mlituud.  Strongly  conoentmt«  the  nnw, 
and  fxtruci  tbo  residue  with  strong  alcohol-  The  filtrate  isfreel 
from  alcohol  by  evajwratiou  uud  tlieu  precipitated  by  basic  l«*i 
acetate  and  aiiimuuia.  The  washed  precipitate  is  treated  witb 
boiling  alcohol,  filtered  hot,  the  (iltmtc  treated  \ritb  a  fair  drojMof 
soda  solution,  and  evtiporated  lo  dryness.  The  dry  reeidue  a 
extracted  with  abiolnte  alcohol,  filtered,  and  an  excess  of  ctber 
added.  The  amorphous  or,  after  a  liuiger  time,  crystalline  pnripi- 
tate  consiBtitig  of  alkali-Kaltts  of  the  bdiary  acids  is  u^ed  iu  pezfonn- 
iug  pETrKNKorKii's  test. 

Bile-ooloring  matters  occnr  in  tbo  urine  in  different  form*  a^ 
ictenis.  A  urines  containing  hile-ooloring  matters  is  always  aboor- 
mally  colored — yellow,  yellowish  brown,  deep  browa»  greeniah 
yellovr,  greetiiHh  brown,  or  nearly  pure  green.  On  shaking  i' 
froths,  and  the  bubbles  arc  yellow  or  yellowish  green  in  color.  Aj 
A  rule  icteric  urine  is  somewhat  cloudy,  and  the  sediment  it  fn- 
qoently,  especially  when  it  contaiua  epitlielium-cetls,  rather  ttroagtj 

'  I'itvd  from  Huppc-rt'Noubauvr,  tl*rii«iti(l;isa,  10.  AalL,  S.  S29. 
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colored   by  the  btle^pigm^nts.     Iti   regard   to  the  occorrence 
Drobilio  in  ioterio  urine  see  page  501. 

DelecttoH  of  bile-coloring  miittera  iu  urine.  Many  teste  have 
been  projiosed  for  tlie  detixaion  of  bile-coloring  matters.  OrdiniLrily 
ire  obtain  the  betit  reHiilbteither  with  Ohklin's  or  with  HrppBKT's 
Int. 

Omelik's  h-Kt  rnay  ba  Applioil  directly  to  the  nrine;  bnt  it  is 
better  lo  use  !tosKNHArii'.s  niwiilicstion.  Filter  the  urine  through 
a  »ery  small  tJlter,  which  in  deep-colored  froui  the  retained  epithe- 
liam-celis  and  bodies  of  thut  kind.  After  tlie  liquid  hua  entirely 
poBsed  throngh  apply  to  the  inside  of  Che  lllter  u  drop  of  nitric  a(;id 
which  contiiiiifl  only  very  little  nitrous  acid.  A  pale-Tcllow  spot 
■will  he  formed  which  is  eurronnded  by  colored  rings  wfiich  appear 
yellowish  red,  violet,  blue,  and  green  from  within  outward.  This 
modification  ia  rury  delicate,  and  it  ia  hardly  posisible  to  mintHke 
itidican  and  otlier  coloring  matters  fur  the  hile-pigmenta.  Sevend 
other  modifications  of  Gmklijc's  test  on  the  nrino  directly,  ob  with 
concentrated  anlpburic  ucid  and  nitrate,  etc.,  have  been  iiropo«>ed, 
but  they  are  neither  simpler  nor  more  delicate  than  KosKKBACfi'9 
modification. 

liui*]'£itT*s  KeaetiOH.  In  a  dark-colored  nrine  or  one  rioh  in 
iudicau  n'o  do  not  always  obtaiu  good  results  with  (tueli.n'.s  leet. 
In  BNcb  csHeSf  aB  also  in  urineij  ttontaiuing  hloiid-noloring  iniitterH  at 
the  same  time,  the  nrine  ia  treated  with  linic-watcr,  or  first  with 
some  CflCI,  .solution,  and  then  with  a  solution  of  Koda  or  nmmoninm 
carbonate.  The  precipitate  which  contains  the  bile-coloriug  mattets 
is  filtered  and  used  for  iii'Hi'iiKT''8  test  (»ee  page  'i'35). 

The  precipitate  consisting  of  lime* pig mcnta  may  also  be  shaken 
ODt  with  chloroform  after  WAKhing  in  water  and  after  being ncidllied 
with  acetic  acid.  The  bilinibin  ia  taken  np  by  the  chlorororm, 
which  is  colored  yellow  thereby,  while  the  acetic-acid  eoliition  is 
coloreil  green  by  the  biliverdin.  Hoth  goltitions  nmy  then  be  need 
for  (.iMF.Lls"s  -.est  (IIorPE-SEVLEE),  and  small  'iiiunlities  of  bile- 
colnring  niattera  mav  be  detected  in  this  way.  Tlie  linie-pignienta 
may,  according  to  ifiuiKtt,  dUo  bo  nscd  directly  for  (iMCLiN'ti  lest 
in  the  following  way:  Spread  them  on  a  porciiduiu  d\nh  in  a  thin 
layer,  and  add  carefully  a  drop  of  nitric  acid.  The  reaction 
generally  ap[>ears  very  beautiful. 

Jou.KS^  Method.'  Place  50  c.  c.  of  the  nrine  in  a  cylinder  with 
ft  glass  stopper,  add  a  few  drops  of  10^  hydrochloric  acid  and  an 
ezcees  of  a  barium-chloride  Kulution  with  5  c.  c,  chloroform,  and 
shake  thoroughly  for  a  few  minutes.  After  about  10  minutes 
remove  the  chloroform  and  the  precipitate  by  meaoa  of  a  pipette 
and  place  in  a  test-tobe  and  heat  on  the  water-bath  at  abont  W  C. 

>  Zflluchr.  r.  plijsiol.  Cliem.,  Bd  18,  3.  645.  Tbb  conMlna  the  Ilteraluro 
oa  ftb  tbe  kDoiTQ  tMU  for  bllo-plgniFniB  irith  tUe  BzcoplioD  of  BtokviH'a  test, 
wfakti  mmy  be  found  in  Maly's  Joliieabcr.,  Bd.  18,  S.  1136. 
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the  pns-colls  havo  not  be«n  prorioDsly  changed,  the  sedimoDt  is 
ootivertiid  by  lhi»  meiLtit;  into  a  eUinv  tini^^h  iiihss. 

The  piiu-uurpiiDules  swell  up  in  itlkiiliiie  urinos,  diBSolre.  or  at 
lesMt  are  so  clmnged  thnt  they  <:auuot  be  recof;nised  under  the 
microscope.  'Ihe  urine  in  ibuae  uuees  is  mure  or  lees  Blriuy  or 
Uljnxns  iitid  it  is  precipitated  in  Inrge  tlukes  by  occtio  ucid,  bo  that 
it  may  poasibly  bo  nii^takoii  for  mucin.  Tho  closer  invegtigatioa 
of  the  priKtifiiEiite  prnducpd  by  acetic  acid,  and  eepeciiilly  the 
ujppearanee  tir  uon-appppanvncc  of  a  reducing  siibgtunce  after  boilia| 
it  with  a  mineral  acid,  demonstrates  tho  nature  of  the  precipitat 
flubsLauce.     Urine  coutjuuiug  pn«  always  conliuns  proleid. 

Bile-aoid>.     The  etateiiienta  in  regard  to  tbe  occurrence  of  bile*' 
acids  ill   tlie  urine  under  physiologioul  conditions  do  not  agree.' 
According  tii  DitAnENimRPP  and  HuKB  traces  of  bile-acids  occur  in 
tbe  uri3]c;  uooording  to  Mackav  ami  v.  t'nitAXSZKV,'  they  do  not. 
Patholtigicaliy  they  are  ]]resent  in  tliu  urine  in  bepaiogeuio  icterus, 
although  not  always. 

Detection  of  Bile-acidx  in  the  nrine.  Pettkxkofer's  teit 
gives  tbe  most  docisire  roactioti;  but  as  it  gitc-s  similar  color 
reactions  with  other  budius,  it  unn>t  be  supplemented  by  the  epectc 
Boonic  invcstigiitiou.  Tbe  direct  test  for  bile-acitU  is  ejisy  afLer  tt! 
adclition  of  tr.ices  of  bile  to  a  nortnal  nrinc.  itut  the  direct  dcteo- 
tion  in  a  colored  icteric  tiritie  is  more  difticult  and  gives  very 
miisleuJing  reisuUti;  tbe  bilc-UL-id  must  Lhureferu  alwuvd  be  itiolated 
from  the  urine.  This  may  be  douo  by  the  following  mulbod  of 
Uue'I'e-Seylkb,  which  is  slightly  nmditlcd  in  non-eesontiid  points. 

Hni'i'K-SEvt.EB's    Method.     Strongly  coru^ntraio   the  uriw 
and  evlruct  the  re:^idne  with  strong  alcohol.     Tbo  llltratc  is  fr 
from  alcohol  by  evaporation  and  tlien   precipitated  by  batio  li 
acetiite  and   animuiiin.     The  washed  precipitate  Li   treated   wit 
boiling  alcobul,  filtered  hot,  the  tilLrute  treated  with  a  fe\^  f' 

soda  soluttnn,    and    evaporated    to  dryness.     The   dry    v.-  iij 

extracted  with  ub^olntc  alcohol,  filtered,  and  an  esii-^-i  of  etbl 
adf^ed.     Tbe  amorpiions  or,  after  a  longer  time,  cryHtiilliu" 
tat«  consisting  of  alkali-^ltd  of  the  biliary  acids  is  UMd  in  , 

ing  I' KTTEKK over's  test. 

Bile-«olorlng  matters  occar  iu  the  arinoin  iMSt 
icterus.     A  urino  containing  bite-coloring  niatien^ 
mally  colored — yellow,   yellowish    brown, 
yellow,  greenish   brown,  or  nearly    pure 
frothH,  and  the  biibbieaare  yellow  or 
a  rale  icteric  nrine  is  somewhat  ol^     r.i 
qneotly,  especially  when  it  coutat^ 
'  Ciuw)  (torn  Uup|>crl*N6ab«]| 
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colored  by  the  bile-pigmpnts.     In   regard   to   the  oocurrenoe  of 
urobilin  in  icteric  nrino  ace  page  501. 

Dttfciion  of  bile-coloring  matterA  in  urine.  Many  testa  have 
been  pruposed  for  the  detection  of  bile'coloring  matters.  Ordinurily 
we  obtain  the  beat  results  cither  with  Omelin's  or  with  Hcppert's 
test. 

(tmelin's  test  may  bo  applied  directly  to  the  urine;  but  it  ie 
better  to  use  Ik>»t:NifAcir^  niudiUculiou.     Kilter  the  urine  through 
a  very  Hiuall  tilter,  wliich  its  doe[>-cotored  from  the  retained  epithe- 
lium-colls and  bodies  of  tliat  kind.     After  the  litpiid  huA  entirely 
pii98i>d  through  apply  to  the  inside  of  the  filter  »  drop  of  nitric  acid 
which  contains  only  very  little  nitrous  acid.     A  pale-yellow  spot 
will  be  formed  which  is  burrotmded  by  celored  riuga  which  spP^ 
yellowigji  red,  violet,  blue,  and  green  from  within  outward.    Thif 
uioditlcation  lb  very  delicate,  ami  it  it;  lianMy  poewble  to  mtsia^r 
indicau  and  other  coloring  matters  for  the  bile-pignienta.    Seieal 
other  modifications  of  (iUF.LiN's  tctt  on  the  urine  directly,  as  risl 
coDceotrated  sulphuric  acid  and  nitrate,  etc.,  have  been  ptupMaA^ 
but  they  are  Deither  simpler  nor  more  delicate  than  Boaexba^x^ 
modification. 

llLfiM'EUT's  Hwction.     In  a  dark-colored  urine  or  or^^  *^*'  * 
indicau  wo  do  not  always  obtain  g<>ud  nMiilt^  with  tiiii- 
In  euch  OBBee,  us  also  in  urineK  iHintiiiiiing  btoorl-ooleri^^>^^~ 
the  nunc  timo,  the  urine  is  treiitod  with  lime-waWi  <g  ^'  T 
aomoCa*-'!, Boiution,  and  then  with  uftolntionof  Mda^-*^^^ 
oarbouale.    The  precipitate  which  contains  the  faJr*^*^' 
is  filtered  and  used  for  LLt'iTEUT's  test  (nee  pace  £^ 

The  precipitate  cotiaiati  ng  of  liine-pigmeut*^^ 
ont  with  ebloroform  after  w.i^hlng  in  wat<>r  sai '•^'"^ 
with  acetic  aciil.     The  hilifuhin  is  takcti  =r  " 
which  ia  colored  yellow  iherchv,  while  iht  >- 
■  ti  by  the  hilivonliri,      ll..(,ti  .vJ;i- 
.  "-t   -iwt  (M"l'I'K-SKir  Kit:.  '-     - 
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After  tbe  evnporatioa  of  tbo  cUloroform  carefollT  decuil  the  liquid 
from  the  precijiiUte  miil  allow  'A  dropH  concentrated  nicrio  acid  cm- 
tuiuiitg  j  fuming  nitric  ucid  to  How  down  tbe  ttidos  of  the  test-tube. 
In  the  prenence  of  hJle-pij^mfenta  the  characteristic  colored  riogsan 
obtaiue*],  uud  this  niodificutioii,  according  to  JoLLEs,  is  tbe  moft 
delicate  of  all  tests  for  bile-p)gnieiit«. 

StuKVts'B  reaction  is  especially  viUuablo  id  tboee  caeee  in  vhidi 
the  urine  contairiii  only  very  Utile  bile-colorinj^  mutter  together  iritk 
larger  quimtities  of  other  coloring  nintters.  The  test  is  |)crform«i 
as  follows:  20~:10  c.  e.  nrinc  aro  treated  witli  £-10  c.  c.  of  u  mIb- 
tioii  of  zinc  acetate  (1  :  5).  The  precipitate  is  vaslied  od  a  snul) 
Glter  with  water  uud  then  dissolved  iu  u  little  ammouia.  Tbe  at* 
filtraru  gives,  directly  or  after  it  luu  stood  a  short  time  in  the  sir 
until  it  has  a  pecniiar  brownieh -green  color,  the  absorptiun-batnii 
of  biLicyaniii  (.■we  p»ge  'i'.if>). 

Many  other  reactions  for  bile-coloring  matters  tu  the  urine  bir« 
btieti  propoKed;  but  m  the  above- ineutioned  are  sufficient,  it  it 
petliapd  only  uecesmry  to  give  here  a  few  of  tbe  other  ruaciioBf, 
without  uiilering  into  dotiiilH. 

Uj.tzmank'.'  mtrtib>n  ciin.tjNM  in  trcniitig  iitioui  10  o.  c  of  tLo  vnov  will 
B-1  c  c.  cinceiitrKU-d  (^au.ttir^poUiNl)  suhittnTi  and  tUi-n  acidifj'hig  witli  hyii* 
uliloric  acid.     Tlie  uriuv  will  l)«HXiuie  a  lH«uuful  ({nwti. 

Smitq's  Utaetian.  Pour  cnrvfully  orvr  tbe  iirioo  tincture  ot  lodlHe.  wbtn- 
bv  N  gr/^n  rliig-  ajipour*  iH-twr-m  tlif  lun  lir^njds.  ^dn  nu;  aiau  >JiKk<t  tW 
urlni"  wiiL  tintinmtif  i<"litn>  until  it  lins  a  crpfu  wiI'T, 

Etiiu.icu'h  Tel.  Kiret  uiix  tliii  uriiiu  witti  an  rqual  volomc  of  dilute  utix 
Mid  mill  tli<-n  add  drojt  bv  dtvip  u  -tnUitinn  at  »itl|>1i>o-dl>A'tl>rii2ul.  Tli«  t^ 
ni'iiturt.-  buciiiiinH  (laik  rt-d  in  llin  |ir«apiifrr  or  bilirubin,  hdiI  tUin  culor  bvciniw 
bInUb  violft  oa  ibtt  iiddltiou  d  KlaL-iul  nvutiu  ncid.  'i'Lv  xulpko'diuuHwiitol  h 
prapartid  iviib  I  ^Tiii.  EUipJianiltr.  udil,  Iftr.  r,  liydroclibirloartd,  and  U.I  ^rm. 
Bodiani  nilrilc;  Ibia  sultiliou  is  diluted  tu  1  litre  witb  water. 

Mi£Pk-iNai.  euLUKiNG  MA1TUII8  pruducL-d  frotu  Muituniu,  rltubarb,  DPtva 
i-to.,  mny  ^ivv  tin  abonnnal  onlor  to  tlxi  urine  wbidi  nmy  )>«•  tDUiakm  for  tAl^ 
coloring  matbtm  nr.  in  mlmliiiv  uriii<.-s,  pcrliii)>a  fur  blaxxJ-iolorlnff  inatlen.  i( 
liyUruculariiT  acii)  in  »Jdi-il  Lu  kucU  u  unutr,  it  brconim  jridluw  or  pale?  fvUo*, 
wliile  ou  Ibe  addJliuu  tit  ua  «xc«88  of  alkali  k  ImcouMi  laore  w  Igm  bcauiifoll! 
nd. 


8tigar  in  Urine. 

The  occnrrenco  of  traces  of  grape-engar  in  the  nrine  of  perfrdij 
healthy  jwrsons  has  been,  as  above  stated  (piige  SOS),  quite  pi»i- 
tively  proved.  If  sugar  a]ppears  in  the  urine  iu  cottstaat  niul 
efipociaUy  in  targe  qnaniiiieH,  it  mast  be  coo^idered  ae  an  abnorntul 
constituent.  We  hare  given  in  a  previoas  chapter  seven!  of  ttw 
moat  important  conditions  wliioh  ouise  gljoosaria  in  man  sod 
i»ninial»,  and  we  must  refer  the  reader  to  Chapters  VIII  and  IX  for 
tlie  odsential  facts  in  regard  to  the  appearanoe  of  sagar  in  thoariofl. 

In  man  the  appearance  of  gincose  in  the  nrine  has  been  ob- 
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■«eiTed  in  nameroas  and  varioas  pathological  couditions,  snch  an 
lesions  of  the  bruin  otid  especially  of  tlio  DicduLla  oblougatfl,  abnor- 
mal circulation  in  tbc  abilouicn,  digooscs  of  Uio  bourt  and  luiiga, 
diAeaaea  of  tbe  lircr,  cholera,  and  many  other  diseases.  The 
eOQtinoed  presence  of  sugar  in  bnmun  nrinc,  sumctinies  in  very 
considerable  qiiuntilios,  occurs  iu  diabltls  utLLiTm.  lo  (his 
dlaeau  tbcrc  may  be  an  elimination  of  I  k ilogrunime  or  even  more 
of  grapo-aagar  during  tbe  i-i  liours.  In  the  beginning  of  the 
di^ouse,  when  tbe*  qimtititj  of  sugar  is  still  very  small,  tbc  nriao 
often  does  not  appear  abnorinul.  In  more  developed,  typical  cnses 
tbc  qcantity  of  nrine  voided  increasKW  considerably,  to3-i5-I(_t  lilres 
per  t*4  hours.  Tbe  percentage  of  the  pbysiologicat  constilnents  is 
an  u  rale  very  low,  while  their  absoluto  dully  quantity  is  increased. 
Tbe  uriue  is  pide,  bnt  of  a  high  Bpccifio  gravity,  l.o;if)-l  040  or 
even  higher.  The  high  specific  gravity  depends  npon  tho  qnnnLity 
of  sugar  present,  wliich  varies  iu  diiTeretit  ca^ee,  bnt  may  bo  as 
liigb  as  I0<t.  The  urine  is  therefore  characterized  in  typical  catws 
tif  diabetes  by  tbe  very  large  quantity  voided,  by  the  pale  color 
and  high  specific  gravity,  and  by  its  containing  sugar. 

That,  the  urine  after  the  tntroductinn  of  certain  medicines  or 
poisonous  boilieji  into  tbe  nyaten]  contains  reducing  bodies,  con- 
jugated glycuronic  acids,  which  may  he  mistaken  for  sugar,  baa 
ulreaily  bceo  mentioned. 

The  propeities  and  leactions  of  glucose  have  been  treated  of  in 
a  previous  chapter,  and  it  i-eniuiufl  but  to  mention  the  niethods  of 
liuLecting  and  quantitatively  estimating  glucose  in  the  urine. 

The  detsftiov  uf  sugar  \n  tho  urino  is  ordinarily,  in  the  presence 
of  not  too  small  (]uuritiiie«  of  ciigar,  a  very  Bimple  task.  Tho  pres- 
ence of  only  vt;ry  «mall  (juanlitics  may  inalte  itd  diftertion  sonietimes 
very  difficult  and  laborious.  A  uritie  conlainiug  proteid  must  linsl 
have  tbe  proteid  removed  by  coagulation  wiih  uuetio  acid  and  heat 
before  it  can  be  tested  for  sugar. 

The  iKAtu  wbicli  arc  most  frequently  employed  and  arc  e^pocjally 
recoromendptl  are  a.-!  follows: 

Tbowwkh's  Ttsf.  In  a  typicid  diabetic  nrine  or  one  rich  in 
Bugar  t-bix  te«l  succeeds  well,  and  it  may  be  performed  in  the 
manner  sinfges'ted  on  pugw  C!^i.  This  test  may  lead  to  very  great 
mistakes  in  urines  poor  in  sugar,  especially  when  tliey  have  iit  the 
same  time  normal  or  incrua«ed  amounts  of  phyHioIogical  con- 
stituents, and  therefore  it  cuiinot  lie  rpcoramended  to  physicians  or 
to  [>er»on^  luoxporicnced  in  such  work.  Normal  urine  <x>uULiua 
reducing  (inlKitancefi,  such  as  nrtc  acid,  creatinin,  and  others,  and 


therefore  a  reiliictioEi  l»kfv>  jiIiu^l-  willi  ull  urine  on  iiaing  thil^ 
Wc  do  not  generally  huve  u  Bepiimtion  o(  copper  aoboiioe,  bnt  ■ 
if  we  varj  the  proportion  of  the  alkuli  to  the  copper  Aalphate  and 
boil  we  often  have  nn  actnal  separation  of  Bat>oxid«  m  Dormal 
uriues,  or  we  obtain  u  peuuliur  yvllowiitli-retl  liquid  due  to  fioelt 
divided  hvi^rated  suboxide.  Thin  occurs  ei^pccially  on  the  addilioo 
nf  triui;}i  ulkuH  or  too  much  copper  sulphate,  and  bj  careleu 
riinnipnlation  the  ine\perienct«l  worker  may  therefore  sometime* 
obtain  apparently  positive  results  in  a  normal  nrinc.  On  the  oihtr 
hand,  AH  urine  contains  subetaiices,  snch  as  creatinin  and  ammonit 
(fitini  the  nreu),  which  in  th«  presence  of  only  little  sugar  may  ke«p 
the  copper  suboxide  in  Hohition,  he  may  easily  overlook  kbuU 
qnantitiee  of  6iigar  that  may  be  present. 

Troiimici{'s  tftit  miiy  of  rourtte  ho  made  poeitive  and  osefal, 
even  in  tlie  prenence  of  very  small  r|imntitie3  of  engar,  by  iigiug  tlie 
mwliilL-atiou  8ugf,'csted  by  Worm  Mi'lleb.  Ab  this  modilicjitifrii 
is  rather  coniplieated,  ami  required  much  praotice  and  exactlla^ 
it  is  probably  I'arely  ouiployod  by  tbe  busy  pbysiciao.  The  follow- 
ing test  ia  to  be  pn-rtTreii : 

Alm£n'h  bismttth  iesf,  which  reoently  has  been  incorrectly  culleii 
Nylandhu's  tci^t,  ig  performed  with  th{>  alkaline  bismnth  Ewlntion 
prepared  as  above  de-scrihed  (page  <5!)).  For  each  test  JO  c.  e.  of 
urine  are  taken  and  treated  witli  1  c.  c.  of  the  bismuth  sololiM 
and  boiled  for  a  few  minutes.  In  the  presence  of  sugar  the  iinoe 
becnmeo  darker  yullow  oryellnwitth  brown.  Then  it  growd  darker, 
clonily,  dark  brown,  or  ntiarly  black,  and  non- transparent.  After 
a  shorter  or  longer  time  a  black  deposit  apjiears,  the  snperDatint 
liquid  gradually  clears,  bnt  still  remain?  colored.  In  tbe  preseoM 
of  ouly  very  little  tsn^^ur  the  tuiit  id  tint  black  or  dark  hruvD,  but 
Bim[>ly  deeper'Culored,  iind  not  until  after  some  Ume  do  wo  we  ot 
the  nppcr  laytr  of  the  phopphato  precipitate  a  dark  or  bbck  tip 
(uf  bifimntli?).  hi  the  [triwenne  of  mnrh  eiigar  a  larger  unonnt  of 
reagent  may  he  nscd  witlioiiE  di  and  rentage.  In  a  nrine  poor  in 
augur  we  must  use  only  I  c.  c.  of  the  reagent  for  every  10  c.  C-  oJ 
Lbe  nriuo. 

This  lest  shows  the  presence  of  1-0.5  p.  m.  sugar  in  tbe  Dnoft. 
The  sources  uf  errur  which  interfere  in  Thumueu'b  teat,  such  m 
the  proaence  of  urio  acid  and  cToatinin,  entirely  dlitappear  in  thb 
teat.  The  bismuth  tost  is,  bcaiiles,  more  easily  performed,  and  It  ii 
therefore  to  be  recommended  Lo  the  pbysiciau.  Small  qnantiUes  of 
pioteid  do  not  interfere  with  this  test;  hu'^e  quantities  may  g\n 
fiis  lo  an  error  by  forming  bismuth  sulphide^  and  therafore  mast 
bo  removed  by  coagulation. 

In  n.'ing  lliis  method  it  must  not  be  overlooked  that  it  ta,  likt 
Tkommer's  test,  a  rcilu^tion  teat,  and  it  consequently  may  show, 
besides  sugar,  certain  other  reducing  sabgtauces.  Such  bodieean 
certain  conjugated  glycurooic  ucidii  wtiicb  may  appear  in  tbe  urini. 
Positive  retsults  have  been  obtained  with  tbe  bismatb  teat  on  arine 


DEi'Rcnoir  or  bvoas. 
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after  the  nse  of  sereral  medicines  rrcIj  na  rhubarb,  denna,  anlipyrin, 
kairiu,  «ilul,  tiirpeiitine,  iiiid  others.  From  thJa  it  fuUowg  that  we 
fihould  never  be  sutigBed  willi  tJiin  teett  alone,  eopecitilly  wIkii  tlio 
roduclion  ia  not  ver^'  grout.  When  this  lest  gives  ne^iativo  results 
we  can  consiiler  the  urine  us  free  from  augur  frdin  u  t:lini»atl  stund- 
polnt,  and  when  it  gires  positive  rctitilts  other  test^t  must  be  applied. 
Among  these  the  fernit^iiLAtioi}  test  is  nf  special  value. 

Pvrmtntaitoa  Taxt,  On  using  tbt«  lest  we  must  proceed  in. 
Tarious  ways,  according  an  llie  biemiilb  ti:'st  shows  ijtiiuU  or  \ar)^ 
qaautities.  If  u  rather  strong  reduction  is  obtuiried,  Ltie  iirino  may 
bo  trciiled  with  ycost  and  Llio  pri^fciicQ  of  eu^ur  dctennined  hy  tha 

f;euerstion  of  c»rboii  dioxide.  In  tluH  luu-re  the  ncid  urine,  or  that 
Rintly  nctditied  with  tnrturic  aciii,  ib  treiitcd  with  ycoict  which 
liu  prcfionsly  becti  wafliod  bv  decantution  with  water.  Pour  this 
Drine  to  wiiicli  the  yua^t  has  been  added  into  a  HcuiiiJTTKR's  guD- 
biirtjltef  or  gliu^H  tube  with  the  open  end  ground,  close  witii  ihe 
thumb,  iind  oijcn  nriilcr  the  Biirface  of  mercury  contained  in  udiitb. 
As  Uio  fernienlutioD  proceeds,  tito  carbon  dioxide  coliccUs  in  tha 
upper  part  of  the  tnhe,  while  a  coireBpnndin.e  qniintity  of  liquid  is 
ezpellLKJ  below.  As  a  control  in  tl>i«  case  two  otlier  Kiniilitr  tesUi 
must  be  mode,  one  with  uonnul  urine  and  yeast  to  team  tJio  quan- 
tity of  gas  u:'iiallj'  dovclo|)ed,  and  tlio  othtr  with  a  sugar  solution 
aad  jTOOst  tu  deteniiint!  the  aclivity  uf  the  yciut. 

If,  on  the  contrary,  n-e  linil  only  u  faint  reduction  witli  tho 
bismuth  tejtt,  no  pnt>ilire  conntntiion  can  be  drawn  from  the  nh^encd 
of  any  carbon  dioxide  or  tite  uppearuuce  of  a  very  in^tiu'Ujficaut 
quantity.  In  tjiiscsie  proceed  iu  the  following  way:  Treat  the  itcid 
urine,  or  tho  urine  wbich  has  been  fjintly  nciddied  with  tnrturic 
acid,  with  yoaat  whobe  iieiiviry  iiiis  been  tested  by  a  Hpitciul  U^tst  on 
a  sugar  solution,  and  allow  it  to  stund  '•!4—48  hours  at  tlie  tcinpcro- 
taro  of  the  room,  or,  better,  at  a  little  Jiigher  temperalurc.  After 
tbi«  time  te>it  again  with  the  bismuth  Ceiit,  and  if  the  reaction  now 
gifea  negative  reaulta,  then  sugar  was  previously  prcsutit.  Uut  if 
Uie  reuctioji  cimtinues  to  give  pnsitive  resulus,  then  it  shows — if  the 
TUBt  is  active— the  presence  of  other  reducing,  uttformontnblo 
bodies.  There  rcnuiins  of  c^iiri^o  tho  poi»ib)liCy  tbut  th<?  urine  also 
contains  some  nii^ar  besides  these  borllcs.  Thid  possibility  may  be 
delerniineil  by  the  folluwiug  test: 

Fheniflhydrazin  Trft.  According  to  v.  jAKscit,'  tliis  text  is 
performed  in  tiiu  folluwiiig  way;  Add  iu  a  tcet-tube  uorituiuing  K-10 
c.  c.  of  Ibe  urine  two  knifH-poinlwof  phenylhydruzin  JiyilroLhlorido 
aod  three  knife- points  sodiuni  Hcetiiti',  and  when  tlie  iiddud  traits  do 
not  diiuolrc  on  Warming  add  more  waier.  The  mixture  i;i  heated 
in  boiling  water  and  kept  there  for  one  hour  to  avoid  n  confusion 

with  phenyllivdriiziti-glycnrunic  acid  4T.  jARScn  and    HliiiidHL). 

It  is  then  poured  into  u  be^iker  of  cold  water.      If  tho  quantity  of 
sugar  present  is  not  toottmall,  ay(?llow  crystalline  precipitate  \a  now 

■  Y.  Jakach,  Klin.  IHa^uotttik,  4.  Aufl.,  13.  U75. 


obtuiueil.  If  the  precipitate  upppara  mnorpliotie,  thoro  are  fonnd, 
on  looking  at  it  nnilcr  tlie  miurcBropct,  jcllow  needles  siuglr  >&'i 
in  grou[H.  If  very  little  sugar  is  pi-e«<>iit,  {loiir  the  test  ioto  % 
cantcal  ^hisa  uud  cxuuiirie  tbu  sediment.  In  this  case  at  least  b  feir 
plieiiyl^ftirii.'ituojio  cryi^tuls  urc  fuiind,  whihi  tlie  occnrrenre  cf 
Btn  liter  and  larger  yellow  phites  or  highly  refractJTe  broro  globule* 
do  not  ahoiv  Lbc  prestncB  of  sogar.  According  to  v.  jAKsrn,  (Li* 
reaction  i«  very  relrahii*,  and  by  it  the  presence  of  0.3  p.  m.  tugia 
cin  bj  detected  (Kosenbebo,'  Okyer'). 

The  valne  nt  tbid  te-it  hm  been  cnnoidenibly  dobat«d,  and  tiw 
objorstioti  liaa  been  mftdo  that  glycuronic  acid  also  givcd  a  tiiiiiibr 

Srseipitite.  A  (lonronndiTi!^  wiLh  j^U'ciiruniu  acid  is,  accordiDf  Ui 
jast-'ilb/  not  to  be  iipprehcnfled  vhen  it  'a  not  boated  in  liw 
water-b.ith  for  too  short  a  tinio  (one  honv).  Kit^TP.RMAS'K  *  ttmai 
this  precaution  insufficient,  aiul  Roos*  states  that  the  pIiBOjI- 
liy.lr.b/.in  te^t  always  glvea  a  po^iiive  ret^iilt  with  human  urine.  In 
doibtfiil  oases  where  we  wie^h  to  be  quite  positive,  prepare  tiie 
cryritiila  from  a  lirgo  quiitility  of  urine,  dissolve  them  on  the  61l*f 
by  poiiritij;  o?er  them  hot  alcohol,  treat  the  filtrate  with  trater,aiui 
boil  otf  the  alcoliol.  [f  the  chnrACteri«tic  yellow  nrystalliue  uewlla, 
whoie  melting-point  ('J04-205*'  C.)  is  also  determined,  are  KW 
obtained,  then  thia  tost  is  decieivo  for  the  preeenco  of  sugar.  It 
inititt  not  be  forgotten  that  lu-vulo!^  g}ve<i  the  same  owmu  » 
grape-5ugar,  and  that  a  further  Jn<restigutiou  ia  neceBSftrj'  ia  oeriiin 
c.we.-i. 

Notarization.  This  test  differoutiitte^  between  deitroie,  wbJct 
pfilarizttrt  ti>  tiio  right,  amJ  lajvidosu,  whicli  polarizes  to  the  Wt 
The  polariscopio  investigation  is  of  groat  valne,  especiiOly  u  ix 
many  caaet;  it  riuicltly  diflerentiuteB  between  sugar  and  other  reduc- 
ing, lievogyrate  Etuhntaiices,  such  as  conjiigateil  glycnronio  acid. 
In  tiie  prestcnct?  of  only  very  Utile  sugar  the  valuo  of  thi*ittt 
depends  on  the  delicacy  of  the  instrument  and  the  dexterity  of  l^o 
observer;  therefore  this  method  is  perhaps  inferior  in  most  t»a»^ 
the  bismuth  test  or  to  the  pheuylhydraziu  teat. 

If  sniull  qnnntit-ies  of  sugar  are  to  be  isolated  from  the  ohm'. 
prenipitjitf;  the  urine  first  with  sugar  of  lead,  filter,  precipitate  liw 
filtrate  with  nrnmonincal  basic  leid  acetate,  wash  this  precipitin 
with  water,  ducomttose  it  with  1I,K  when  suspended  in  water,  cob* 
Centrate  the  tiltrate,  treat  it  with  strong  alcohol  until  it  is  M>to1> 
per  Kent,  filter  when  uecc^sury,  and  add  an  alcoholic  cauHtic-ilktli 
soluiiiiii.     DisROlre  the  piecipitnte  consisting  of  flaccharated  iu  * 

'  Di-ulscli.  iue.1,  WiKlitniicIir.,  1888. 

*  Wt<-D.  uiKil   Prustne,  1880.  8.  10^8.     Cited  from  Rom,  Zeit«clir.  T 
ClMtii,.  HI.  15.  S.  5-J4. 

* '/.KXiaehr.  t  pliyitiol.  Ctietn.,  &].  H. 

*  D'-iiUfcli.  Arch.  f.  klin.  Mwl.,  Bil.  SO.     Cilod  rrotn  MiU^'b  JahrMlm.,  W. 
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littlo  water,  precipitate  the  poUtsli  by  an  excess  of  tartaric  lu-icl, 
iieutntlizti  lUe  lillralu  with  citluium  carboimtu  in  Llie  coli],  lunl  lilUir. 
The  filtrate  mu}-  bo  used  for  letting  with  the  poluriricopo  ait  well  oa 
iti  the  fermentation,  biiiiiinLh,  and  phenylh^vdrazin  t^tU.  ThQ 
prcKt^ace  of  grupe-Bugar  uiuj'  bu  dutvcted  bv  this  same  prucesti  ia 
vaiiiml  SuidK  or  Liesuee  from  wiiich  tho  protojda  have  beeu  removeil 
Ur  eotiguUtioii  or  by  tlio  addition  of  alcolutl. 

For  the  pliyfician,  who  nntiinilly  wnnla  Bpecially  Bimple  and 
quick  methods,  the  bismuth  test  most  bo  espcciollj  recommended. 
If  thiA  test  gives  negative  reBolts,  the  urine  is  to  be  connidered  aa 
free  from  sugar  in  »  clinical  lieniie.  if  it  gives  postlivo  lesult!^.  the 
pre^euce  of  tiugar  inuHt  be  controlled  by  other  teste,  ettpecitUly  by 
the  fermcntatioD  test. 

Other  tr-HlH  lor  ^ujnir.  •»,  t"T  emmple,  Ilie  nmclinn  with  orltionUroplipnyl- 
propinlic  ai'iil.  I  ic'i>'  Hfiil,  dias'>1*ensiil-«ri-plinnli!  acid,  riv  NU|<erttuoit->  'Hio 
ivu:ti"D  wiib  't-Dai>biliuI.  which  is  a  reaction  for  carl>oLy<init(ii  lu  |{t?ii?r&I,  (or 
glyc(iT»nic  •cid  ami  mucin,  mnjr,  bi^cHUBu  ot  its  «siT(-niL-  dtrlitairjr,  give  riM'  to 
muktkkcH,  antl  ix  '.t>i  ri-iun-  not  lo  br  n-roiiiiiii-n<iccI  to  [>ljjrtiiLi>iiK.  Nomxal 
urttM'^  givo  tbis  mc,  Vti'l  iT  the  stroncK  ditutcci  iirino  giTOii  tbia  roacti'<ii  w» 
may  cniiiiiUitr  tliR  preiM^nrf  of  iar^e  qnnnlitiM  uf  •arixibTdratcs.  In  linene  cuc« 
we  pi-t  more  punUivt?  ri-suU<i  by  UMii^  I'llK-r  t»Li.  Tbiit  IfMt  n-i|uIr(M  g^rMit 
«l«<uiliu«eis.  iiiid  tc  ban  thin  iacoiiveuicDce.  iltst  il  lit  vry  iill&<.-ult  U>  ^'einiifR- 
cit^uily  purv  fialphuric  ucid.  aaO  iwilicuiups  ioUued  pi^rfecily  pure  it-iiiiphlliul. 
fifvcrat  inTpsiigHlors,  siirh  ai  V.  rimXNwKV.  liCTUKit,  Hocw,  and  'Iubitki^' 
liavn  iiLVi-!>tie:aiol  \hm  c<'»l  in  mguril  to  itx  ■jiplirMbiliLy  a»  an  approxiniuti^  mt 
/or  car  bull  y  UTS  tea  iii  ibu  uriue. 

Quantitative  Estimation  of  Sugar  in  the  urine.  The  nriue  for 
aach  itii  c.'itiinution  iiuii^t  llrst  be  Leated  for  proteid,  and  if  any  be 
present  il  must  be  removed  by  coagiihitiou  and  the  ndditiou  of 
acutiu  ucid,  care  being  taken  not  to  iucreufie  or  diuiiniiib  the  origitial 
volume  of  urine.     The  qimntitv  of  sugar  may  be  determined  by 

TITUATION  with  FkIILINO's  OF  KnaPP  S  80]utioil,  by  PKRMKNTA- 
TIOX,  or  by  POI-AltlZATIOJf. 

The  titratioa  liqnida  not  only  react  with  sngar,  but  also  with, 
certain  other  redimitig  ttnbstaticeA,  and  on  this  account  tlie  tilrntion 
kHuChods  give  ruthcr  liigb  residts.  When  large  quaittiticsr  of  Rugar 
!tf6  pretieiit,  lis  in  lypiciil  diaheiio  iiriiiiet  whicth  generally  coiituins  a 
lower  percentage  of  normul  reduoing  eonstitucnta,  this  is  indeed  of 
little  account,;  but  vrhcn  smult  qtmntitiofl  of  sugar  are  present  in  an 
otherwise  normal  nrine,  the  mistake  mnv,  on  the  contrary,  be  im- 
portant, as  the  rediiciag  power  of  normal  urine  may  correspond  to 
-5  p.  nt.  grai>e-8Ugar  (see  page  5U0).  In  anch  cttses  the  titratioa 
method  niuft  be  employed  lu  eonuoction  with  the  formiiiitutioa 
Dielhod,  which  will  be  ile^uribed  hitijr.  It  in  to  be  renmrked  that 
in  typical  diabetic  urines  with  considerable  (piantitie^  of  liugar  the 
titration  with  Ki-:i[i.is*'i*s  solution  is  just  as  rcliahlo  aa  with 
Knapp'S  eolotiou.  When  tlie  nrine,  on  the  contrary,  contains  oidy 
little  bugur  with  uumial  lunouute  of  physiulogicul  uoiuttitui^nts,  theu 

Sf?  Koob  and  Tretipel,  KeiUcUr.  t.  pbysiol.  t  Wdi.,  Bdd.  15  u.  U, 
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the  titration  with  Pbhuno'h  eolotion  is  more  difficult,  indeed  in 
certain  coBea  almoet  impossible,  the  rosnltB  being  Tory  uncorUin. 
To  .qiich  cases  Knatp^s  methml  gives  good  resiilu,  according  to 
Wouu  MoLLCB  aud  liiit  pupilii.' 

The  TiTUATiuN  witli  Kkuuno's  solution  depends  on  tlie 
power  of  tiiigar  to  rodi]i;e  copjHsr  oxide  in  alkaline  Bolotions.  For 
t!u8  we  formerly  employed  iiRoliUiori  which  con(«ined  u  mixCnreflf 
copper  siilpliflte,  RochoUc  salt,  nnd  Rodinm  or  potassinm  bydnte 
(FElTMKn^s  Evolution);  bnt  as  such  a  Holution  readily  changes,  we 
uow  prc-pttre  :i  coj>per-eulpbat«  solution  aud  au  alk»liue  Kocbelle- 
Bult  euliitioii  i>e)KiruLt;ly,  and  mix  equal  volutueti  of  Uic  two  solutioue 
before  itsing. 

The  coiiceiiLration  of  the  copper-KiiIplmto  solution  iAKuch  tlial 
10  c.  c.  of  this  fiolation  is  reduced  by  Ol'S  grm.  grape-sugur.  Tlie 
copper-Mulpbate  solution  contaitui  34. C5  grms.  pure,  ciystallized. 
non-efflorescent  copper  sidphate  in  1  litre.  The  sulpbate  ia  crystal- 
lized (I'um  u  hot  tutunited  i>oliitiou  by  cooling  and  stirring;  and  tbi- 
crjKtaU  are  nepiirated  from  llie  moLher-liqiior  and  pressed  betweea 
bloHitig-pnper  until  dry.  Tbc  Roclielle-salt  eolntion  ia  prepared  Itj 
disaolvin^  l73  grms.  of  the  salt  in  350  c.  c.  water,  adding  WK)  r.  c. 
of  a  cati^Lic^sodafiolntion  of  a  specific  gravity  of  I.l'^,  and  dtlotiD); 
with  water  to  1  litre.  According  to  Worm  ^ICller,  these  thiw 
Uquidg — HocbeUe-ealt  solution,  caugtic  t-oda,  aud  water- — should  be 
separately  boiled  before  niixitig  together.  For  each  titratiou  Diii 
io  a  Bmall  flaalt  or  porcelain  dish  exactly  10  c.  c.  of  the  oopper- 
anlphate  solutiun  and  10  c.  c.  of  the  alkaline  Itochelle-salt  solticion 
and  add  ;10  c  c,  water. 

The  uriuo  free  from  proteid  is  diluted  before  the  titration  with 
water  80  that  10  c.  c.  of  the  copper  solution  requires  Imtweon  5  sod 
10  c.  c.  of  tbo  diluted  urine,  which  cnrroeponds  to  bulwi<en  1  anil 
^i  BUgar.  A  urine  of  a  Hpeeific  gnirityof  1.030  may  W  dilated 
five  time«;  ono  more  conccntniled,  ten  times.  The  nrir'ic  so  dilated 
ia  poured  into  a  burette  and  allowed  to  flow  into  the  boiling  copper- 
tulphale  and  I£ocbelie-^U  eohit-ion  until  the  copper  oside  is  oom- 
pletely  reduced.  I'liiit  haa  taken  place  when,  iniuieiliately  after 
boiling,  the  blue  color  of  tlio  Bofuiion  disappears.  It  is  tc7 
difilcult  and  requires  some  practice  to  exactly  determine  this  point, 
eapicially  when  the  coppsr  suboxide  sottlea  with  difficulty.  To 
determine  whether  the  color  has  disappeared,  allow  the  copper  sob- 
oxide  to  eetlle  a  little  billow  the  meniscus  fom^ed  by  tho  surface  of 
the  liqiiiii.  If  this  layer  is  not  blue,  the  operation  is  rejieated, 
adding  0.1  c.  c.  leas  of  urine;  and  if,  aftiT  the  copper  suboxide  b» 
ecttlcu,  the  liquid  has  a  blue  color,  tlio  titration  may  bo  considered 
as  completed.  Because  of  the  difficnUy  in  obtaining  tliis  point 
exactly  another  end-reaction  has  been  euggested.  This  coneietc  in 
Qlteriiig  Jinniediutely  iifter  boiling  a  small  portion  of  the  treated 
urine  through  a  small  filter  into  a  tc^t-tubo  M-hich  contains  a  little 

'  PflOger'K  Arch..  Bdd.  16  u.  83;  Journuli  t.  [irmkt.  fbem.  tJJ.  F.>.  Bd  SI. 
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acetic  acid  and  a  few  drops  of  potiwsinm-f«iToojanide  aolntion  and 
water.  The  8Timllet«t  «|uautLty  o(  copper  is  thown  by  a  reiJ  colora- 
tioa.  If  tbo  opemtioD  is  quickly  coaaucted  so  that  no  oxidation  of 
tbe  saboxide  into  oxrUo  tiikps  place,  this  Hiid-reaction  is  of  value  for 
urines  wliioh  are  ricli  in  sugar  and  }>oor  in  urea  and  wliich  Imve 
been  strongly  dihitcJ  with  water.  In  iiriuea  poor  in  sugar  which 
contain  the  nurmal  aiiioiint  of  iireu  uud  which  have  not  been 
strougly  diltittiJ,  a  rather  uliurulant  foniialioii  of  ammonia  from  the 
area  may  take  place  on  boiling  the  alkaline  liquid.  This  amnmnia 
dissolves  the  suboxide  in  jmrt,  whieli  euxily  pafwett  into  oxide 
thereby,  and  lieHideti  ihis  the  dissolved  suboxide  gives  a  red  color 
with  potatfiiiitni  ferrocyaiiido.  In  jnst  those  ciues  in  wbicli  die  litrii- 
tioa  IB  most  difficult  this  end-reaction  in  tlmleiu^t  reliable.  Pructit-e 
ftlso  rendera  it  nnnecessaty,  aud  it  is  therefore  bust  to  depend  niuiply 
upon  tbe  appteurance  of  the  lii|iiid. 

To  facilitate  the  settling  of  the  cofiper  soboxido  and  thereby 
clearing  the  liquid,  Mckk'  has  lately  nuggested  the  addition  of  a 
liitle  ca1citin]-chloride  solution  and  boiling  again.  A  precipitate  of 
calciom  tarti-ate  ie  produced  u-bich  carrier  <Iown  the  suspended 
copper  suboxide  with  it,  and  the  color  of  the  liqaid  can  then  be 
better  seen.  This  artiQoc  succeeds  in  many  caset;,  but  unfortuiLiitely 
there  are  urines  in  which  ibc  titration  with  Kkhlinu's  sohition  in 
no  way  givc^  exnct  results.  In  tim-ic  cuecs  in  which  only  small 
quantities  of  sugiiroxiAt  in  a  urine  rich  in  jilivt^iolo^'cul  (:on.stitnents 
it  ill  bettt  to  dissolve  a  very  exactly  weighed  quantity  of  pure 
dextrose  or  dextroae-endium  chloride  in  tbe  uriue.  The  nrine  con 
now  bo  stroiigly  diluted  with  water  and  tlio  titration  is  snccessful. 
The  difTererice  between  the  added  sugar  and  that  found  by  tttra- 
tiott  gives  the  reducing  ])uwer  of  the  original  nrioe  calenlated  as 
dextrose. 

The  Decenary  conditions  for  the  snccew  of  the  titrjitiou  under 
all  circuiiutsnces  are,  according  to  Soxblet,"  the  foltoniug:  The 
copper-iiiilpbate  and  Uocbellu-tialt  solution  must,  ns  above,  be 
diluted  to  50  c.  e.  with  water;  thenrino  most  otdy  contain  between 
O.A:t  and  \%  sugar,  and  tbe  total  r|uantity  of  nrine  reqniroi:!  for  the 
reduction  must  be  added  to  the  titration  liquid  at  ortce  aud  boiled 
with  it.  Kroui  this  lust  condition  it  follows  that  the  titration  is 
dependent  upou  minute  details,  and  several  titrations  are  reqairad 
lor  oacli  determiiuitiou. 

It  is  best  to  give  here  an  exanjpte  of  the  titration.  Tbe  proper 
amonnt  of  coppDr-sul])liate  and  Itoclielle-guU  solution  and  water 
(total  Tolnnie  --r-  fil)  c.c]  iii  hesitcd  to  boiling  in  a  flask;  the  color 
miidt  remain  blue.  The  orine  diluted  Hvo  times  is  now  added  to 
the  boiling-hot  liqnitl.  I  c.  c.  at  a  time;  after  each  addition  of  urine 
boil  for  a  few  seconds,  and  look  for  the  appearance  of  the  end- 
roaotioD.    IX  you  find,  for  e-^atnple,  that  3  c  o.  is  too  little,  bot 

'  Vircljow's  ArcL..  lid,  105. 

■  Jounul  f    prnkl.  t'lieiLi.  (N.  P.),  Bd.  U. 
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tliat  4  c.  c.  is  too  much  (the  liquid  becoming  yellowish),  then  the 
urine  liiu»  not  been  BuOicieDtlj  diluted,  for  it  should  require  between 
ft  and  10  c.  c.  of  the  uhae  to  produce  tbe  complete  reductioo.  The 
aritie  is  now  diluted  ten  tim^n,  and  it  should  require  between 
ti  auil  8  c.  c.  for  a  total  redtu'tioQ.  Now  prepare  four  new  uas% 
nrhicli  are  boiled  aimaltauconsly  to  aare  time,  and  add  at  ouc  time 
rcispeotively  (1,  C4,  7,  aiid  7^  c.  c.  of  urine.  If  it  is  found  tbAt 
betweou  6*  and  7  c.  c.  are  iieces-yiry  to  produce  tbe  eutUrew:tiuD, 
tlieu  nmke  four  otber  teats,  to  whicji  a-Jd  respetnively  (i.U,  C.T,  6.8, 
and  f>.!t  c,  c.  of  nrioe.  If  in  this  case  the  liquid  ia  still  somewhat 
bluinli  with  6.7  c.  c.  imd  completely  decolori^ted  wilh  6.8  c.  c,  ve 
Iheii  consider  the  average  fieurc  (3.75  c.  c.  aa  correct. 

Tlie  calculation  ia  eimplo.     The  ti.tS  c.  c.  used  contain  0.05 
grm.  sugar,  and  the  percentage  of  sugur  in   the  dilute  uriue  ii 

therefore  (6.75  :  tl.Ofi  =  100  :  ar)  ==  -^  =  f).?-*.     Bnt  as  the  nrine 

was  diluted  wttli  ten  timee  ita  volume  of  water,  the  undiluted  uriiie 

5  X  10 

=  t.iit.     The  general  formula  on  uaing  10  o.  e. 


contained 
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copper-sulpiiate  aolution  ia  therefore 
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,  in  which  n  rtt^vn&ti 


the  number  of  times  the  nrine  has  been  diluted  and  k  the  number 
of  c.  c.  used  for  the  tilraliou  of  the  diluted  urine. 

The  TITKATION  ACCOBDINO  TO  KSAfP  depends  on  the  fact  that 
mercuric  cyanide  ih  reduced  into  metallic  mercury  by  ^rape-angur. 
The  titration  liquid  ahonld  contuin  10  gnns.  chemically  poredrj 
mercuric  cyanide  and   lOCi  c.  c.  cauatic-aoda  aoliitiou  of  a  speci&o 

Sravity  of  1.145  per  litre.  When  tbe  titration  is  pcrfnrrned  ai 
eecribed  beiow  (according  to  Wobm  Mulleb  and  Otto),  'JO  c.  c.  of 
this  solution  Bhpuld  correspoiul  to  exactly  0.05  grm.  gnine-sugar. 
If  we  proceed  in  other  wuvs,  the  valne  of  the  eolution  id  difTereut. 
Also  in  thiri  titration  tlie  qtnnticy  of  sugar  in  the  nrine  Bliould 
be  between  ^^  and  1^,  and  here  a1«o  the  extent  of  dilation  nccea- 
■ary  mnst  ho  determined  by  a  preliminary  test.  To  determine  tliA 
end-reaction  aa  described  below,  the  test  for  excess  of  nicrcnry  ii 
muilo  with  HuIpluirettGd  hydri)<:on. 

In  performini;  the  titration  allow  ao  o.  o.  of  KnappV  aolution 
to  fluw  into  a  flii^k  and  dilute  with  KO  c.  c  water,  or,  when  you  liarg 
reiison  to  think  that  the  urine  contnins  lesa  than  0.^^  of  Migar, 
only  with  -Kl-CiO  c.  c.  .After  this  heat  to  hniling  and  allow  the 
dilute  urine  to  Clow  gradually  intu  the  liot  aolution,  at  tlrel  'i  c.  c.,. 
then  1  c.  c,  then  0.5  c,  o.,  then  0.2  c.  c,  and  lastl?  0.1  c.  c. 
Aft^r  each  addition  let  it  boil  4  minute.  When  the  end-reaction  it  J 
approaching,  the  liquid  begins  to  clarify  and  the  mercury  geparatflaj 
-with  the  photiphntea.  The  end-reaction  ia  determined  by  takingi 
drop  of  the  upper  layer  of  the  liquid  into  a  capillary  tnbe  and  ihea 
blowing  it  out  oil  pure  ivliilc  liUor-paper.  The  moiet  spot  i^  lintt 
held  over  a  bottle  contaiuLug  fuiulug  hydrocldoric  acid  and  ibca 
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over  strong  snlpliuretteil  hyiirogeii.  The  proBenoe  of  a  mininiuiu 
qnantity  of  inerunry-enU  in  the  liqiiii]  is  sliown  bv  the  spot  becom- 
ing yellowish,  which  in  Aeen  best  when  it  is  compared  with  a  second 
spot  >«bicli  btut  uut  beeu  expoeeU  to  siilphnrettcd  hvUrogen.  The 
eiid-reuctioii  m  still  ulearer  wbeu  a  sniull  }»u,rt  of  tiie  liquid  is 
filtered,  acidi&ed  witli  ocotic  acid,  and  tc^icd  with  uulpburetted 
liydrogeu  (Otto').  'I'ho  culcuUitiona  are  juntas  simple  as  for  the 
prerioua  method. 

This  titrfltioti,  unlike  the  previous  one,  may  be  perfomied  not 
oiil^'  iu  daylight,  but  uIho  iri  urliticial  tight.  KNAi'^'b  mvtbod  bus 
the  ftiUuwing  advaDtagtib  uvvr  i.''cuLiN4i^ci  nictbnd:  It  it»  up])licable 
even  when  tlie  quuiitiLy  of  Biigur  in  llie  iirinn  \&  very  snmll  und  tliQ 
(jtiuntity  of  the  otiicr  iirinury  canutitucnt^  is  noriiial.  It  is  more 
eauilj  ]ierformed,  and  ».ho  titration  liipiidtf  may  he  kept  wltbont 
deconiprHitig  for  a  long  lime  (Wonic  MrjLi.Kn  and  liit>  pn]iilg'). 
The  riews  of  different  iutestigMtor^  on  the  valae  of  this  titration 
uiotliod  are  etiU  somewliat  contiiidictory. 

>i>TlMATION    OF  THK  (it'ANTlTV   OFSmARBY  FeBMEKTATIUS. 

This  may  be  done  In  vanoiir^  ways;  the  siiripleat,  and  one  ut  thi;  mme 
time  flufllfiiently  exact  for  ordinary  ca»et5,  is  RonEliTs'*  metliorl. 
This  method  consists  in  determining;  tlie  specilic  gravity  of  the 
arine  before  and  after  fermeutation.  In  tlic  ftirnieiitalion  of  sugar, 
carbon  dioxide  and  aicobul  are  formed  m  i:\iivt  prudncta  and  the 
gpocific  gravity  is  lowered,  partly  on  account  of  the  disappearance 
of  th»  sugar  and  partly  on  jiiToiuit  of  tlio  prwlnctioii  of  alcohol. 
KoKEiiTS  found  tbftt  a  decrease  of  O.OOl  in  the  spcciflc  gravity 
corresponded  to  V.'i'.i^  Hugar,  and  this  bos  been  »iibfitantiated  since 
by  severiU  other  iavestigators  (Woku  .MOi.lkk'  and  utheru).  tf 
the  uriue,  for  examplu,  huB  a  spocifiu  gravity  of  1.030  bcfurc 
fermentiLtioii  and  l.OOS  after,  then  the  qnuntity  of  sngar  contaiiicil 
therein  w:x3  32  x  O.i.i  =  5.V*H. 

In  performing  this  test  the  HpORific  gnivity  must  be  tjiken  at  the 
same  temperutnre  before  and  after  tho  UTnientation,.  Tlicniiin 
mast  be  fuititly  acid,  and  vheu  Dcceii8ur_\  atiltonld  bemsidiiied  wicit 
a  littla  tHrtaric-acid  solution.  The  activity  of  the  yeast  nmst,  wla-n 
necessary,  be  controlled  by  a  special  tc^t.  Place  200  c.  c.  of  the 
urine  in  a  -lOO-c.  c.  flask  and  add  u  piece  of  cumprc.s<«ed  yeast  the 
size  of  a  pea,  and  snbdivide  tlie  yeust  through  the  liquid  by  Hbiiking, 
close  the  flask  with  a  stopper  provided  with  a  liiiely  "druwii-out 
glusM  tube,  and  allow  the  t^t  to  stand  at  the  temperature  of  the 
room  or.  still  belter,  at  +  30-25"  C.  After  U~iii  lioura  the 
fcrmnutation  is  ordinarily  ended,  but  this  tnUBt  bo  voritiod  by  ihe 
bisiiiuih  test.     After  mmplvte  fcrmeatutiou  tllUtr  through  a  dry 

'Jonnial  f.  prikl.  CUem..  Bd.  38. 

•Pflag>'r'8  Aruli..  Bdd.  ISu.  SS. 

*  E<tinhiire:Ii  M«d.  Joarnftl.  Oct.  1861;  The  Uneet.  Vol.  I.  1868. 

'■  Pfln^er'ft  Arch..  Bdd.  38  u,  37. 
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BItor,  bring  tlie  (iltrate  to  tlie  proper  tempemtTrre,  and  detennitip 
the  specific  gnivily. 

.if  the  apfcififi  g:raTily  he  determined  with  a  good  pyknometar 
siipi'lietl  witli  u  Lhermuuiuter  anil  au  ejEpauaioii-tube,  tliU  uietbod, 
wliua  the  (piuritity  or  e>ii{,^u:  is  not  lesB  timn  -1-5  p.  m.,  gives 
ncc-ording  to  Woiim  MOi.i.eii,  very  exact  rceulLs,  bnt  this  has  been 
disputed  hv  Br:ii>B.'  Kor  the  physician  the  niethoil  In  this  form 
is  not  quite  Bcrviccublc.  Even  when  the  specific  gravity  is  deur- 
mined  by  a  delicate  iirinnmeter  which  can  give  the  derutty  to  tiK 
fourth  decimal,  wt.>  do  uot  obtain  t)uit«  exact  re«ult«,  because  of  tli« 
priuuipul  errors  of  tlie  uethod  {\ivi>uv.)  ;  but  the  errunt  are  uiiuslly 
siiiiillcr  timti  ttmse  which  ocijur  in  titrations  made  by  uupructi^d 
hauda.  Amoti^'  ttie  iiiethodH  propped  and  c-Ioeely  toeted  for  the 
quantitative  ettriniation  of  Rngar,  we  have  none  which  are  at  the 
8H.me  time  etutily  performed  and  which  gi?e  poeitird  results  id  otber 
than  experienced  hnuds. 

When  tho  quantity  of  tiugar  is  Ic<j4B  tliau  2  p.  m.  these  uiethodi 
cannot  Imi  used.  8iich  n  email  quantity  (>r  eiigar  cannot,  as  aljove 
mentioued,  bo  determined  hy  titration  directly,  beoanec  the  rednc- 
tion  power  of  normal  nrinp  rorresponda  to  4-fl  p.  m.  In  ttDcb 
CJ18M1,  according  to  Woum  MOl.i.EJt.  liriit  determine  the  redutUoB 
power  of  tile  urine  by  litrution  wJtU  Knapp'S  solution,  then  ferniMit 
the  nriiio  witli  the  addition  of  ycatit,  and  titrate  ngtiiu  with 
Kn.vit's  Bohition.  Tlio  difference  found  between  the  two  IJU»- 
liims  cfdcnlnted  as  sugar  gives  the  true  quantity  of  aiigar. 

KsTiMJLTioN  OF  Si'iiAii  BY  PoLMiiZATioN.  In  thiB  method  tJw 
mine  mast  be  clear,  not  too  deeply  colored,  and,  above  all,  tnoM 
Hot  contain  any  other  optically  notive  enhstance^  l>eaides  glucosr. 
](y  using  a  delicate  instrument  and  with  sritlicient  pnuTticv  voir 
exact  results  can  bo  obtained  hy  tliis  metliotl.  Kor  the  physiriaB. 
KnuRKTs'  fermentiit:ion  twt,  wliioli  requires  no  exiKinsive  apjianititii 
ftnd  no  special  practice,  is  to  be  preferred.  Under  Btich  circom- 
stancea,  and  ae  the  estimation  by  means  of  polariKation  can  be 
performed  with  exactitude  only  by  itpeoiaUy  itifitrncted  chemiiit«,  it 
is  hardly  necetviury  to  give  tliis  method  in  detail,  and  ibe  reader  it 
referred  to  special  woikd  for  instniotioiis in  the  w&a of  the  a])parata«. 

LeralOM.  l^tvuKrratu  urinrs  tonlAJniti^r  su|;*r  tmro  Immii  olwen-rd  tf 
■VRKTXKk.  /iM>iKH  iii'il  CtAi'i-K.  SKiutKX,  nnit  otliwrn  *  Tli<>  nuiiri*  uf  LL«*uI>- 
■tauct)  cHiiHiriir  ibit'  imi<>u  is  dilBcull  lu  il  ivcribv  fXBctly,  bui  \\ivjv  is  liardl* 
any  (loiilx  iIihi  iIk-  nrint-.  nt  IcnKt  in  cvrulu  catus,  lu  lu  Uiose  ottwrvwl  lijr  SGl^ 
BKN,  etiniHiiiH  IrvnlciMv  T)i«  iH-rum-nce  uf  lievulaiia  tD  tbe  Bfilui  Truiu  SkK- 
eitsV  iJtttieut  liJMi  bwii  lumlf  vwrv  ^»<ittitll>l«  bv  Ki  i^' 

The  pivHoaco  oi  levulobu  in  u  urlii"  couuiuiiic  Butmr  is  011I7  jirobablt*  i*-1h« 
the  un'np  is  )a>vu]q:vrHt«  or  opMcullj  inactive,  nt  vrlitni  it  sbows  n  rt.>d(lcli<« 
power  not  corrcspoiKliiig  {\mvt)  to  tlav  (l«>xtnirulnrjr  power,  or  wbvn  it  conuiw 

■  UgwkrirL  fur  L>wg«r.  {4>.  Bd.  9;  PflQgvr'B  Anb.,  Bd.  40;  KmtKht.  L 
pbjnilcl.  CbMn..  Bd.  13. 

)  tk«  Uuppert-Neubaoer.  lUniKiiftljrM.  10.  AaS..  ti  ISO, 
'Zuliaohr.  i.  Ululvgit),  Bd.  37. 
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proi«in  (kkHps,  nr  rj'nin).     Levuloei:<  fnnneDte  iritli  v«aitt  Knd  jlelda  tlie  Miiti« 
UKUUU^  *»  glucuflo. 

Lai"»f  \*  k  suliMancc  found  bjr  Leo  '  In  iliitbclic  urines  In  certain  c&M-ft, 
luid  whl«b  Leo  coosidersas  t  suRSr.  Ii  Is  ixrwgvrKie,  Maorpinma.  aad  Iikb 
DO  sweet  tABt^  bat  rather  a  sliarp  and  Bultjr  taite.  l.aic>«fl  lias  a  ruiluciag 
action  i'O  metallic  nxid>-;4,  rlnei  nnt  fi-nnciit,  and  givoa  a  noncrjHlnlUnr,  jiMnvr. 
iah-l>mwn  oil  citli  pUviijllijdraiin.  W«  liava  oa  iMwitlTa  imiot  m  y«l  tbM 
iliis  isuUi«taDC«  IB  a  autf^r. 

MiLK-sroAR.  The  appeamnra  of  milk-aiif^  in  the  nrine  with 
engorgement  of  inilk  has  been  made  known  eRpecially  by  the  inveft' 
tigiitiona  of  1>B  Sisirrv  and  K.  Hofmkistrr.'  After  taking  hirge 
quantities  of  milk-Etiigar  some  lactose  ma;  be  foum!  in  the  urine 
(see  Chapter  IX  ou  iLbtHirptinn). 

The  positive  detection  of  milk-angnr  in  the  nrine  is  diflionlt, 
bocansc  this  engnr  is,  like  glneose,  dextrogyruto  und  also  gives  the 
□tmal  reduction  tent:),  [f  urine  cnntainn  a  dextrogyrate,  ncim- 
fornieulublo  Ktigiir  wlitch  rmlnccs  bismuth  eoliitiona,  then  it  ia  very 
probable  that  it  contains  milk-sngar.  It  mitst  be  reimirked  tliat 
the  fcrnjcutation  test  for  milk-sagur  is,  according  to  tlie  experience 
of  Lrss  urid  VniT.*  besl  perfnniiod  by  using  inire  <Miltivati-d  yeaat 
(saccharomyceBapicnhitiin).  Tliis  yeaat  only  fermentB  the  glneose, 
while  it  dons  not  decompose  the  milk-aagur  The  most  positive 
means  for  the  detection  of  luctoee  i^  to  Uolate  the  mxg&r  from  the 
urine.     This  may  be  done  by  the  foUuwiiig  method,  suggested  by 

F.  IIuFMKISTliU:' 

Prncipltati)  tli<^  urine  with  nugaruf  load,  Hlter,  woflh  with  watnr,  unite  tb« 
fillnile  and  wash-walifr,  mid  prvcijiitate  witli  aniuninin.  Tbt!<  liquid  liltt^red 
from  ilie  prvcipilatr  is  again  pre-.  ipitatXKl  b^  KHgar  nf  Ivnd  and  nuiitioida,  until 
llie  Iwl  fiimtu  in  optirmlTy  iiiBciiv».  'I'lio  mivhtkI  |jrv?ipit»i««  wiib  iLi<-  v!icu|r- 
tiim  of  tlic  (irrt,  wliidi  lontiiiiin  nn  ungnr,  an-  iLntttwj  nnd  wohIkvI  wlTb  watfir. 
Tb«  waabttd  pn«cipi()ilt-  in  d«'.(jpi|iijiiBd  i'l  Llit.-  wdil  wilb  itulifliuri-tlwl  hydni)(FD 
aud  l!lierad.  TtwexoeRaof  MulpiiureUfd  liydrur^'n  i^  driv«n  oR  bv  il  i-arrvnt 
(.r  (lir;  the  Actdsaet  free  arci  rc:ii<>rH  br  ?linkiiig  witbsilv.-r  oiido.  Xow  filler, 
muiuvo  lli«  diaaolved  silvtrr  b^v  »iilfliiin_-tc>  d  bydivgiin,  trrnl  nii.L  ba  iuni  ear* 
boiiKttf  to  uiiit«  witL  au.v  Irac  act!ltc:icld  proaviu.  and  com-cn'Talv.  BeTorv  Uie 
evapiiraltfd  residue  is  syrupy  it  in  trcntod  vritli  OIW  idcobnl  nntil  a  tln»]uletit 
prt!ci|)iiat«  is  fnrmocl  wUicli  ai>(tti>)<  qaiclctjr.  Tlio  lillntU-  fntui  Clitn  wbfftt 
plocvd  in  a (k-flict'Uftr  dcpnniw  crjMals  of  milk-suKir,  wLieli  are  piirilii-d  by 
tMr^stkllizatlon,  dtti^iliirisitif;  vriili  animal  cbttrouul  and  buUin^  wiili  UO-Tw 
aloo  •i>l. 

PeitMW.  Sai.Rowski  and  J astiiu'witz *  fitund  in  \Uv  urin«>  oT  pvncinit 
addtctvd  lu  Liio  morpUin  habit  a  varivty  of  sUitcar  wbiuh  wild  a  ]>ciitMW  aiid 

»  ViTchow's  Areh..  Bd.  107. 

*  Z«iU>clir.  f.  pliyalol.  C'beut.  Bd.  1,  S.  101,  whirh  nlm  containa  tho  portt* 
Bcnt  litvrnluro. 

*CiLrl  Voit,  aberditfClljreograbildun;;  oadi  Aufnabma  T«nclilvdvu«r  Zuok- 
•larten.  Zritacbr.  f.  Hiolagie,  Bd.  fiS- 
•L.C. 

*  CvDiralbl.  r.  d.  uiwl.  WtBseD»t.-b. ,  1893,  Sm.  IB  and  8S. 
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jrieldeduinAAzanevrliicli  inelu^kt  1'i9*  ('.    SAlJittwuci '  1iasobs«rrml  twoptw 
c«aM  of  pemiosoriii      'I'Iim  |H•lllUHt^  in  lh«  uriuv  er>.-iui;4  to  bv  identi<^*l  witli  1:0 

KL'nxwu  i-MiiitiiLiJ  liy  [lAU^iAithTUN  oil  tlii'  <'leftvii^  aT  n  paticrMLs  )>ttiiei(l  E. 
.L'l^autiJ.  VottKi, '  tiavp  di-tcrt*-!)  |H<iit<i9iiv(  m  tlip  uriiiv  nf  ilintM'licx  is  ««4I 
us  In  tii&;  uf  d>it[8  wiili  puicruu  or  pliliirLiIjilii  <U&Ueie».  CoDr*'Dinit«l  bjdn- 
i-li1ori<;  oclcl  paturau-cl  witli  jjlilnn^iuiriii  iiiajr  !>•-  unol  in  cleitH-ijitK  |H;Mi«n. 
Ailtl  j  vuluuiu  i}(  llic  uiiup  lu  he  liinC^^d  tii  lV-  acid  uiid  ivarm.  In  tho  [irr-wrBcv 
of  pontoHcs  1I1D  n-il  polnrftcion  metitiuDod  011  pit^v  U^  Ri>i>ean>.  TLib  Uat  is  ooi 
coiid  leivu,  onicl.vcurmiic  Kcid  i;ivL-M  tiio  t^iuuc  rt.itciioD^  runlii5r  inveetlgalioiiii 

Inosit  occurs  only  rarelj,  and  in  but  ainall  qTumtitiea,  in  Um 
nrine  in  albumiauriA  and  iu  diabetes  meliitus.  After  exceanrt 
drinking  of  water  inotiit  is  found  iu  tbc  tin'ne.  According  to 
HorPB-gi!Tt.KR*  traces  of  inoait  occur  in  all  normal  uriiieti. 

In  detvcti'iK  [nonli  tlm  prrilpid  in  Hrnt  r^movpfl  fnim  tlin  tirlut*  Tlim  tat- 
eentmtv  iW*  unnc  >iii  iLe  wBtcr-luitli  Iq  {  and  pivcipUatv  with  sofrar  of  Iml, 
TLo  liUrnt«  b  wnniifd  nml  IrL-aU-d  villi  liuitic  lend  urtrtAte  as  loii}f  >s  a  (imipi- 
tnt*'  is  f«nn«d      'I'Ih-  jirii-ipiijilr'  [ornwd  atu-r  '24    li'iiint  in  wmsIimJ  with  wiUt, 

i^uni.'vntnitcrl  to  11  syni|'V  rimHinlmify.  anil  Crciiled  wliilo  Imilins  witli  8-4  foit 
dlci^liiil.  Tlif  i>r(M.'ipiiale  in  quickly  nK]'itin.Jri\ .  Atxrr  tti«>  addition  ••(  ethvt  u 
the  cooled  fittrB.i<.>,  crvKtulii  Hipiiratv  ufivr  a  tim«,  aod  ibrae  w«  i>uTifl«d  bi  d*- 
cftlnri^aiion  tnd  rccrjtvul liuitioD.  With  tbosc  crystala  p«rfonu  tb«  leaUB* 
tionvd  "Ti  p«g<t  UTO. 

Acetone  and  Diacetic  Acid.  Those  bodi(«,  the  occurrence  in  tb* 
urine  and  fommtioQ  in  the  organiBiii  of  which  bavo  bcuii  the  Kubjeci 
of  iinmerous  investigations,  eapeciully  by  v.  Jakbch,'  were  finl 
obBsn-od  in  urine  Id  dinbctca  tnellitas  (Pbthks,  KaulicB, 
V.  .Takk<;ii,  GKHiiARin).  Acetone  mnr  give  the  dinbolic  ariiis 
a8  well  08  the  expired  air  the  odor  of  iipples  or  other  froit- 
According  to  v.  Jakscii  and  others  acetone  is  a  uomial  uriimt^ 
oonittiiueut,  thoagh  it  mar  only  ocoar  in  very  Btnatl  amoantt 
(O.tU  grm.  in  the  'M  boun-). 

Acetone  may,  as  foniid  by  v.  Jakbch,  be  a  by-product  in  lactio- 
ocid  fcmieiitaliorLjand  this  origin  for  the  traces  of  aoetouocliminAted 
by  tlie  noriiuil  uritie  requires  further  proof.  There  is  no  doubt  Uiat 
tho  appcarunoe  of  acetone  aa  well  as  diacetic  acid  is  easentiallj' 
caused  by  un  increased  deetntotton  of  proteid.  Thia  follovs  from 
the  very  marked  iucroase  in  the  eliniiuatioa  o''  ■loetone  and  dUc«lk 

•BvrtinortiUii.  Wochvnsclir.,  tSOJl. 

'  S!«-irw!br  f.  Biolo^lf.  Bd.  82. 

■  HiLudbucb  1).  ]>liyeio1.  11.  pntboL  eheto.  Anjil^M,  8.  /mJ.,  8.  108, 

*  III  ri'gnrd  to  lb"  rxti-iiKive  tJltirHi u rii  on  ucrtoui'  aitd  (Jiacctu  ucid  we  Tftu 
tbe  render  to  1!u)>)iur''>(>iil>nuiT,  IInrniitiiil>tio.  10.  Aofl.,  ■«(! T.  Ngofltn's 
LaUrb.  d.  PatboL.  dMSlofl»i-cbsuU.    Burliii.  L8M. 
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acid  during  inanition  (v.  Jae6ck,'  t'K.  MCller*).  Tbii  iialw  in 
acconl  with  the  obs^j-vatiODa  of  Wrinut  '  thut  Jti  diubetee  no  rola- 
tionahip  exidts  between  the  eluninution  ut  acetone  urtd  sugary  while 
there  ib  h  relationship  botwoan  the  eliminiitian  of  acetone  &nd 
nitrogen;  thua  on  tho  ilayn  when  ninst.  nitrojjen  ia  eliminated  we 
Und  tlio  higbcet  rosulte  for  tlie  ruictone,  and  vice  versa.  Abundant 
proteid  iood  also  hicreatinR  tl)0  eliminntinn  of  acetone,  accorrliug  to 
HosiiiMA.vs  '  and  V.  Nikirdex,*  aji[iar(?ritly  in  the  case  where  with 
a  one-sided  proteid  food  an  inaiitlicient  i^iipjily  of  calories  takes 
place,  which  leuda  to  a  rcilnctlon  of  the  bndy-proteid.  According 
to  this  view,  which  re<|nirfia  further  proof,  the  extent  of  the  elimi- 
nation  of  uciHoneand  dineetiracid  h  not  dependent  npon  the  extent 
of  the  motaholiRm  of  proteid,  bntnpon  the  qnantity  of  destroyed 
body-pro  tind. 

According  to  thin  vtev  it  is  altto  clear  that  an  ahnndant  eliraina< 
tioii  of  acetone  and  dianettn  aoid  it;  obmnred,  Mpeciallr  in  such 
diaeaseii  in  which  an  abundant  deRtmction  nf  body-protetil  tftkea 
place,  such  a.^  fevera,  diabetes,  dLstnrhed  dij^stion,  mental  debility 
with  abstinence,  cachexia,  etc.  It  has  not  been  proven  how  far  the 
acetonuria  cxperimentallv  prodnc^d  by  Lrsrm*  by  lesion  of  the 
sinns  fovea  rhonil>oidalis  or  by  excinion  of  the  solar  plexns  i«  caused 
by  the  generally  distnrbed  condition  of  the  animal  or  by  other  cir- 
ca ms  tan  ce:a. 

Diaoctic  acid  has  not  been  observed  aa  a  phyaiological  conatitnent 
of  the  nrine.  It  occnri  in  tho  urine  chiefly  unrler  the  tiame  condi- 
tions as  lUietone;  still  wo  hare  cases  in  which  only  acetone  and  no 
diacctic  acid  appears.  liikc  acetone  tho  diuceiic  acid  occuru  often 
in  children,  especially  in  high  feTcrs,  ocnte  exantiiema,  etc.  Dia- 
cetic  acid  decomposes  readily  into  acetone.  According  to  Araki  ' 
it  is  probably  produced  as  an  intermediate  pro<lnct  in  the  oxidation 
of  jS-oxybutyriu  acid  in  tbe  organiism.     The  three  bodies  appearing 


Debet  ^oetnnarlit  ud<1  Dlaceiurle.     Berlin.  188S. 

Bsrlrhl  fll)ar  Uh'  Kr^'bni^uu!  den  an  t-eitl  auKgefahrtcnHungerToraucliea. 
Tlin.  Wlin    Wnclu-nschr..  1887 
>S<3e>  .Mutv'-.  Jftlireaber.,  Bd.  21,  ».  404 

'  y.<iT  Eti'tfliiiag  dt!»  AceUmn.    Dim.     Br(wlB,u,  1686.  <Mt«d  from  7,  Hoordtt, 
Lebrb..  S.  177. 
•I-  c.  S.  78. 
'  I'entralbl.  f.  Physiol,.  Bd.  6 
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in  cho  urine,  acetone,  diaoetio  acid,  aud  oxybutjric  acid,  sUod  la 
close  relHtionstiip  Ui  eucli  oilier. 

Aoetone,  diinctbvl  ketone,  C,H,0  or  CO.(0II,),,  is  sthiri  valer- 
clear  liquid  boiling  at  56.5°  C.  and  with  n  pleasant  odor  of  Trait 
It  is  lighter  tliaQ  water,  witti  which  it  mixes  in  all  proportioua,  «1m 
vitli  alcohol  ond  elher.  Tlie  most  importJinl  reactions  for  aoelme 
are  the  following: 

Libbrn'h  '  Iodoform  Tfst.     When  a  watery  solution  of  aoetooe 
is  treated  with  alkidi  and  then  with  some  iodino-potausiuin-iodiilB 
Bolntion  and  gentler  warmed  a  yellow  precipitate  of  iodororm  i> 
formed,  which  U  known  hy  its  odor  and  by  the  appearunce  of  the 
crystals   (aix-eideil    plates  or  sUrs)  tinder  the  microscope.     Thi* 
reactioti  13  very  delicate,  but  it  is  not  cliarftcterintic  of  acetone. 
ViVSSiSf'f^n*  moiiifirafioH  nf  thf  iadafnnn  test  consists  in  nsiiigio 
alcofiidic  solution  of  iodine  and  ammonia  iiinteud  of  the  ioilinedi!- 
0olved  in  potiiminm  iodide  and  nlkali  hydrate.    In  thid  case,  baddei 
iodoform,  a  black   precipitate  of  iodide  of  nitrogen  is  formed,  h«t 
this  gradflnlly  iliaappeara  on  standing,  leaving  the  iodoform  risibls. 
This  modifimtion   htta  the  aiWantage  that  it  does  not  give  uf 
iodoform  with   rilcohol.     On  the  other  hand,  it  is  not  qaile  » 
delinMte,  but  still  it  detccta  0.01  milligrftmnie  acetone  in  1  c.  e. 

Ubvnold's  *  mereuric-oxule  test  i»  based  on  the  power  of  acetfiw 
to  dimoire  freshly  precipitated  HgO.  A  mercriric-chloridesohxioQ 
IB  precipitated  by  alcoholic  caustic  potii«1i.  To  this  add  the  li'iai'l 
to  he  tested  for  acetone,  shake  well  and  fitter.  In  the  preteucool 
acetone  the  fdlrate  cotitaitis  mercnry,  which  may  be  detected  bj 
ammoniam  snlphide.  This  teat  has  about  the  same  delicaej  h 
Gunning's  test. 

Leoal's*  Sodium-nitroprussitfe  Tent.  If  an  acetone  wlatic 
is  treated  with  u  fetv  drupe  of  a  frefebly  prepared  sodiom-nit 
prus&ide  solution  and  then  with  caustic-potash  or  soda  solution,  ihe 
lii|iiid  itt  colored  ruby-red.  Creatinin  givea  the  Bsuie  color;  bntil 
we  MiUtirate  witli  act-tic  acid,  the  color  becomes  carmine  or  parpliah 
red  in  the  presence  of  acetone,  but  yellow  and  then  gradually  green 
and  blue  iu  the  presence  of  creatinin.  If  we  use  ammonia  imtead 
of  the  canstic  alkali  (Le  Kobel),  the  reaction   taikee  plaoo  wiA 


>  Anas],  d.  Chtnn.  a.  pliartn. ,  Sap!>l,  Bd.  7. 

■  tiiinnlnff,  by  Bnrdy,  Juurn.  tie  pLsnn.  et  ebtn.  fS),  Tome  4. 

■  Ciltxl  from  Hu|>puruNo  11  bluer,  Huvuislyaa,  10.  Anfl.,  8.  M)i 
*  BrasUuur  Anil.  ZciUclir..  IS63. 
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aoetone,  bnt  not  with  creatinin.'     Lbgal's  test  indicateH  even  0.1 
milligrm.  ocetoue. 

Pf.xzoldt'r*  I'nr/t^r)  tnet  depends  ou  the  fact  tliut  ortboiiitro* 
betizHldeli}'flo  in  alkjiliue  itoltition  with  uuetoEie  yiehis  indigo.  A 
warm  naturated  and  then  oooltjd  soIuLloii  of  tlie  aldehyde  is  trejitcd 
with  the  li(}iiid  to  he  tested  for  a<(!etone  and  then  with  oviistic  soda. 
In  the  ]iresoiicB  of  anetoiie  the  licjiiid  first  becomes  yellow,  then 
green,  and  lanitly  iiult^o  KoparutdH;  ntid  this  may  tip  diivsoWed  with 
a  blue  ciilor  by  shaking  wiili  cldoroforiu.  1.6  inilligniie.  ouetoiie 
can  be  detected  by  ibis  tettt. 

MaI-EKBA  *  n.-ws  *  Kildtirm  of  ilitnriIi}-lpankpti^nTli'n(Iinmiii  n*  •  h-ngj-nt  for 
acoton«.  Il  si*^^  ■>  i^'l  lii|uicl  wbicti  hi>a  uu  alj«irptiiici-n|)(n:iriii:i  v«ry  Hiuiilu 
to  oxvli(enbii^Tahla. 

Diftcetie  acid,  or  ace  to-acetic  acid,  C,n,0,orC,n,0.CII,.0OOH. 
This  acid  is  a  colorle&i,  strongly  acid  liquid  which  mixes  with 
water,  alcohol,  and  ether  in  all  proportionn.  On  heating  to  boiling 
with  water,  and  especially  with  ucids,  thid  acid  decomposes  into 
carbon  dioxide  and  ncetonc,  and  therefore  giveti  the  ahoTe-inentioned 
Teactionfl  for  acetone.  It  differs  from  acetone  in  that  it  gives  a 
Tiolet-red  or  brownish-red  color  with  a  dilute  ferric-chloride  nolo- 
tioD.  This  color  decreases  even  at  tlie  ordiiiary  temperature  wJlliio 
?4  hoars,  and  more  quickly  on  b<iiling.  It  dJIIera  in  this  fjom 
phenol,  salicylic  ncid,  acetic  a^id,  or  aulphocyunideo. 

PetecHori  of  Acetone  and  Dinretir  Avid  in  the  urine.  Rcfore 
testing  for  acetone  te^t  for  diacctiu  acid,  and  as  tliis  ticid  gmdiiully 
decomposBR  on  allowing  the  urine  to  stand,  the  cirine  mnst  be  ixa 
freab  as  possible.  In  ttie  presence  of  diacetic  acid  the  urine  gives 
the  so-called  (■ERU.iicDT'8  reliction,  ehowiug  u  wiiic-red  color  on  the 
addition  of  u  dilute,  not  too  acid,  ferric-chloride  gohjtion.  Treat 
10-50  e.  c.  of  the  urine  with  ferrie  chloriilo  lis  long  iiH  it  given  a 
precipitate,  filter  the  precipitatftof  ferric  phosphate,  end  add  tome 
more  ferric  chloride  to  the  filtrate.  In  the  presence  of  the  acid  a 
claret-red  color  is  produced.  After  this  heat  a  second,  similar 
portion  of  the  faintly  acid  urine  to  boiliog,  and  repeat  the  te<it  on 
cooling,  which  fhouh]  now  give  negative  retiiillA.  A  third  portion 
of  nrinc  is  acidified  with  sidpbnric  acid  and  shaken  with  elKer 
(which  taken  np  the  acid).  Now  shake  the  removed  ether  with  a 
very  dilute  watery  solution  of  ferric  cliloride,  and  the  'ivatery  layer 
becomes  violet-red  or  claret- red.    The  color  disappears  on  warming. 

'  Aooirdtn^^  to  tb«  autbor  ttite  stateincDt  is  not  comet. 

■Arch.  f.  ktin.  M«d..  hA.  H. 

'  Atti  d«lhi  R.  Academ.  m«d.  cbimrg.    di   N^polj,  Aooo  48.  Nuova  Seri«, 
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K.  H&RKT^R*  Jiii^^PRtn  thnt  in  t&Rtinji;  for  diftcetir  add  In  tiie 
urine  tliu  [iriDO  be  treated  with  a  little  KI  aiul  I'V,C'l,  in  exMtl 
and  heated.  In  tbe  pretteoce  of  diacotic  acid  verv  irrilutnig  Yafton 
of  iodaaneLono  (?)  uro  developed. 

Ill  the  ub3en<^-«  of  ilitu^t-tii;  acid  the  a<i«toiio  umy  be  tested  for 
directly.  Thi«  may  bo  done  directly  on  the  urine  by  PEKzoLirr'e 
teot.  This  test,  which  is  only  approximate,  in  only  of  value  irhen 
the  urine  contuius  a  coiiKidemble  amount  of  uvotouo.  For  a  more 
nccurute  te^t  we  dielil  at  leuBt  '250  c.  o.  of  the  urine  faintly  acidified 
with  »ulplmric  acid,  rai-o  Ijeiiig  taken  to  hafe  a  ^ood  condrriiuitioii. 
Most  of  the  lU'etnnc  is  contained  in  the  first  10-*J0  c.  c.  of  the  dia- 
ttllute.  Tina  distillate  is  tested  for  acetone  by  the  above  tests.  lo 
teAtinj^  for  ucetone  in  the  ^iinnltaneons  presence  of  diacetic  acid, 
^xii  itiuke  Iho  uririt)  faintly  ulkalJue,  itud  stmke  it  carefully  vritli 
ether  free  from  aUtohol  atid  Hcetoiie  in  u  »3piiratory  funnel.  The 
rcniui'cd  ether  ia  then  eliakcn  with  water,  which  takes  up  the 
acetone,  iiful  then  the  watery  liqniil  ib  tested. 

The  >jutiiififtitii\-  cj^tiinativn  of  acetone  in  the  uriue  is  donet^ 
eooverliiig  it  lirst  into  iodoform.  Tfie  urine  is  acidified  with 
acetic  acid  (aocoi-ding  to  III  i'J'ekt.  1-2  c.  c.  50%  acetic  acid  for 
overy  tOO  c.  u.  urine]  and  iliKiilleJ,  The  iodoform  fanned  is  det«r- 
miricd  in  tlie  digtilhite  either  grHvimetri4.-ally  occordiDg  to  KitAUEH 
or  colorimctriciilly,  according  to  v.  Jaksi;ii.  It  is  best  to  nroree»i 
ftccordin)?  to  tlio  method  a.s  sngj^psted  V.y  Mrsstnokr  and  llrr- 
PERT.*  They  determine  the  ^^uaiitity  of  ncetone  by  lieterminiug  the 
quantity  of  iojiiie  nocesBary  in  the  formation  of  iodoform  by 
titruiioii.  En  rt-ganl  Ut  tlit»  method  and  ita  uxeculion  we  refer  the 
reader  to  Huppekt-Nbiibauer.' 

yJ-Oxybntyric  Acid,  C.ll.O.  or  OH,.Cn(On).CH,COOn.  The 
appearance  of  this  acid  in  the  urine  was  first  poflitirely  shown  by 
Minkowski,*  Kui.z*  and  Stadklmas;*.'  It  occars  ©epecially  in 
diSicuU  cases  of  diubetes,  but  it  has  also  been  obeerfed  in  <carl«t 
(ever  and  in  measles  (KClz),  in  scnrvy  (Mikkowsei),  and  ia  dis- 
eases of  the  bmin  with  nbetinencc  (KCu).  iff-oxy butyric  acid  ii 
undoubtedly  derived  from  an  iibuormiU  deatrnctioa  of  body-protcid, 
atid  it  therefore  occurs  in  the  nriiie  in  inanition,  cachexia,  etc. 
/8-oxybutyric  acid  ia  ucoomi>amed  by  diacetic  acid  in  the  ohne, 


'  8ka».  Arch.  f.  rhvMoI..  Rd.  ft. 

*  IIiippMt-Nciibaucr.  IlarnAnnlysc.  10.  Aofl..  S.  7ltO.  whkli  also  enoWai 
the  tleacriptiou  of  oilier  melliodq  uid  snmmftr^of  tb«  lilenUorA. 

»  U  t-.  10.  Aufl. 

*  Arx'li    r   i-tp.  Palh.  n.  IMinnii.,  Ul.  18  U.  19. 

*  Zeiudir.  t.  Biolo|-Ie.  Bdil.  ->0  u.  33. 

■  ArcLi.  f.  cx|>.  Pntlt.  u.  Pbarui..  Bd.  17. 
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irhile  oa  tbe  other  hand  the  last- men tioued  aoid  occurs  in  the  ariae 
witboat  the  first. 

>J-oxybntyric  acid  forma  an  odorless  Bymp  which  mixes  readily 
vith  water,  alcohol,  luid  etlier.  Thia  acid  Is  opticully  iictJve  und 
indeed  lievogyrato,  nnd  it  therefore  interferes  vitli  the  estimation 
of  sii^pu'  in  tlio  Qfine  by  means  of  poluriziLtioii.  It  is  not  precipi- 
tated either  by  baaic  lead  acetate  or  by  umnioniacal  ba^lc  lead 
acetate.  On  boiling  with  water,  eapecially  in  the  prcsonce  of  a 
mineral  a4!id,  this  acid  decomposea  into  «-cttUTONic  ac;ii>,  whieh 
melu  at  71-73"  C,  and  water:  CII,.Cl[(OU).CII,.COOn  =  11,0 
CU,.C1I:C1I.COO]1.  It  yields  acetone  on  oxidation  with  a 
ironiic-ocid  mixture. 

Ptttction  of  (i-O-T-jftftttyric  Acid  in  the  urine.     If  »  urine  ia  still 

jvogyrote  after  fernienLatiou  with  yeuat,  the  presence  of   oxy- 

'1)utYric  acid  i»  prubublc.     A  ftirlbcr  to£t  may  be  niiuk*,  according 

to  KClz,  by  ev-ii])i>raliii^'the  fermented  nriiio  Lo  »  syrup,  and,  after 

the  addittoQ  of  an  equal  volume  of  concentnibcd  sulphuric  acid, 

difltillinfi;  directly  without  cooling',     ^r-crotonic  acid  is  pn^dnced 

which  diatiU  over,  and,   after  collecting   in  a  teet-tubu,  cryMtals, 

-which    melt   ut   +  Ti"  C,   separate  on  strongly  cooling.     If    no 

BBrystuItt  are  obtained,  then  abake  the  distillate  with  ether,  and  test 

^he  melting-point  of   tJie   residue  obtaineil  after  erupomting  tbe 

©ther   which    has   been   washed    with    the   water.       According    to 

rlKKowsKl  the  at-ii]  nuiy  be  isolated  &»  a  HiWer-aatt.' 
EuKi.tcii'»*  Uriiif  Tf*l.     Mix  S5tt  v.  c.  of  a  »otiiiion  which  conialn^  SO  c.  c. 
Hc.'l  Kiiil  I  grill.   Hu){>littiti)lc  ucid   in  oue  litro  wiili  &o,  c  of  n  ^K  volution  of 
■■Mliiim  riilritc  (wliiuli  prixluni'ii  venr  little  of  iLi-  nrtivo  body.  nul.i^liniliiixiiWn. 
tti\i      In   ptirroniuiiK  tlim  tv^t  (r<nt  tlie  iiriiio  witli  an   (-tiunl  voliiiiiw  uf  tliis 
uilsiurn  Mild  Ilien  su|K'r^ai:uriil>-  wlib  ummuuiii.     Kunuiil  uriuc   will  beciiiuo 
yellow  tliMDlty,  or  orani^  uft^r  tbs  addition  of  itmtii(iui&  (amniotic  r>xyarii1» 
niftjr  •ooicluiws  give  aflcr  •  i^'Hiiiu  lime  ri-d  nx^i  bmJiri  wtiicli  cwlur  tlm  upper 
lajt^r  of  pho4t|i)Mkiii  KiMJirDflti' ).     In  paikitl^itirRl  iirintia  wp  Mimellmca  liave  (wiif 
ttiiA  is  ttit>  ciarart^-iicTiic  d'xntn  rcarcion)  a  priinurj- ^cILow  ciloraiiuu,  mUU  a 
T'^rv   tnailcpil    •fi^iiulnr*  ri-d  ciilnrniiHn  on  Ilir  «(iiliiinn  nf  amniriniii,  aittJ  ilip 
Bfrr>ib  is  also  tiuKi^d  wiili  rvJ.    Tliv  up|;>i.*T  luynr  of  tbo  acdim<-()t  bi-voinvs  eircm- 
Ktlt.    Tbv  Uidj-  ivbicli  ^ives  ibis  r(!a<:tii>ii  !.■<  uuknuwu.  but  it  occurs  c^pocially 
Bn  tb«  urine  ttt  typtinid    palit^nta  (Euitl.irn).      Vlewa  Kre  divided  In  regard  lO' 
HbnaigDincanc*  oTiblB  renctlon. 

BueKNUAt'u's  uriuo  tvul.  wbicli  cuusisUi  in  adding  nitric  Mid  drop  by  dmp^ 
lo  lli«  boiliiig-lint  urine  i\n>l  nhuilning  il  i'larft-n<d    tTolnralion  and  il  bluihb- 
r^l    ffiam   i>n    abnlcin};.   dititcndH    upun    tho   r<irmutinji   of  indign    sijbitt«ni:v*, 
ilpr>ciaily  inditfx  ml.' 
Kat  in  ibiii  urini-.,     TUf<  eHinina(l»n  of  a  urtne  wbtcli  In  npneamnrp  aod  rifh- 
ID  fat  rvNeiublea  cb^lo  U  tailed  ehylaria.     U  CuitlaiiiH  labituaJIjr  prr)t«id, 

*  Arch.  r.  exp.  Patli.  n.  Pliana.,  Bd.  16.  S.  85;  Zoiuwlir.  f.  uial.  CliRtn., 
:l.  24.  K.  t&U, 
*Z<ntMlir.  f,  kliD    M<-d..IM.  5. 
*8m  Roaiu,  Vircliow'it  Arcb..  Bd.  128. 
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mod  oftrii  fibrin.  riivlariK  Accan  mrwtijr  in  Uh-  Inliabiunt*  <if  Iba  InpicK 
Lifrtirio.  or  tliv  elluiiuAlioii  uT  fkt  wiili  tlio  urinv.  may  nppt-ar  in  appuniii 
htoilUi^  I>enKiii>i.  HHiufttiiLins  wHIj  aud  sotUfCiiDi^  without  «I  Unujmuna.  in  (m^t- 
nuirj,  notl  &lfut  in  (m^ikui  dia'-«M-H,  m  in  diDl>«>t«e,  polAODlni;  witli  plMnplnn), 
4ud  fatly  ile>;<.'D«nkUuii  (iftlid  kiduuys. 

Fftl  ia  UHLi«IIy  (leirccM  lijr  ibr  microscope.  It  toMf  also  bo  dlnoUedvilk 
«(linr,  ikikd  ll  lunj  always  Iw  dntncti-d  b;  •v>pnnitiiig  lb*  nriDv  to  drfunnd 
cxtncilii}!  iLo  residue  vritU  utber. 

Ciiui.KfiTi:iU7i  is  alflo  Bomettmea  found  In  the  uriiM  Id  cbyluria  Mtd  1b  t  ff« 
Otlier  caiaea. 

LsrciN  AXD  Ttrosin.  These  bodies  are  found  in  tbe  tinix, 
eapeciully  i»  auute  yellow  Htrojjliy  of  tiiu  liver,  m  acute  phosplwnB- 
poisoning,  aud  in  diflicull  casva  of  typLoiJ  und  sDiallpox. 

iMttUon  of  Ltuein  and  Iffrottii,  Tvrmin  omurrtn^  aa  sedimoBl  aitj  In 
ldpntiti<-il  by  innnnit  tif  tli^  rnii  T'lai^iiir  ;  uiil  if  a  fimitiv*  proof  ia  ilMiml,* 
iVcrjatallixHiiun  of  ibe  ^aiiit-  fruiii  aimiioiiia  or  aiuuioniaoal  aloubol  U  nra*- 
saiy. 

To  dfti'ct  Villi  tbi-»B  bi'dlee  wbeti  Hiey  ncciir  in  aolulion  In  lltp  urine,  f*; 
cned  In  cli<!  followiii}'  luaiiijer  :  Thi.*  ur'Lne  fr««>  fmni  prijl«i<l  xn  prvci|>iuifd  bf 
bulc  Jpad  iioQtutv.  Xho  It'wl  rrinoved  from  tbu  [iltrale  by  BiS.  aud  (dmnvhimI 
ai  roudi  aa  poAsiMo.  Tlie  rvKidnn  is  f^lracicd  with  a  ituall  quamity  of  RtooinM 
alcolinl  to  rnnnvn  thr  iirpa,  'I'hn  nnndiiu  i>  llii-n  Itoib-d  uilli  Fainlly  aunMiDito' 
■Icfihol,  fiUcwd,  lb«  filtratw  evapdnm-il  i.>  a  Finall  vi>luui<-  and  aiinwfl  i>m';j> 
tallix<>.  If  no  ij-main  <;r?ftuilH  art'  nhialm-il,  rlit'ii  dilute  wltli  M'Nt*'r.  prvrlpluM 
afpiiii  with  lyaoic  liarl  ocLtalt?.  eml  pr<i«td  Hf  before.  If  tynuiln  irjitUls  •"* 
eeparuK?.  ilieyare  l)lt«n.-d,aad  ibe  llliraieiiliU  lunbcrcoQcentniiMl  lootilaindi 
laucia  cr^eiala. 

Cjitin  (C.II.NRO,),.    This  body  U,  accordiufr  to  Bai'hanx. 

*n        ,.     .     ..  ,  , ..    u.(  \,,/coou  noocvAii. 

to  uecoiiBiQcriKl  oa  aiBulphido,  -p  v/^\c S/^\NIL' 

of  tlie  previously  mentioned  cystein,  C,1I,NS0,  (page  589).  CyBto 
itaelf  in  rt-umidoLliioluctie  acid,  rrV/'^rOOH'     ^J***"  •  **' 

wrted  into  tiVBtein  by  tiasr_ent  hydrogen  acd  ia  reooDTetted  'm\» 
cystin  by  otidation. 

BArMAMN  and  fioLtiMAX'K*  claim  that  a  Bnbntanoe  gimilar  tc 
oyetin  occurs  in  very  »ni«li  amonnU  in  normal  urine.  This  Mi>- 
stance oi-curs  in  liirge  quantities  in  the  urino  of  dogflaft«r  poifioaiDg 
with  phosphorus.  Cyatin  Itaelf  ia  found  with  po8itiTcnc8s,audeTWi 
then  very  rarely,  only  in  nrinary  ralrnll  and  in  pathological  nrin» 
from  which  it  may  aeparato  a*  a  sediment.  Cystinuria  ooao* 
ofteuer  ju  men  than  in  vomen,  and  cyrtin  seems  to  be  an  abnonul 
splitting  product  of  the  proteids.     IUl'hann  and  v.  UuaAitSSKT' 


'  7.w\\K\tr.  f.  Pliyai..!.  Cbem.,  Bd.  8. 
•w&rei<xi>i,-fr.  ihid  .  Ikl.  10.  8.  M2. 
•  Zi-iuuhr.  f  pLiyaU^U  Cliem..  Ud.  13. 
'  Ibid  .  Bd.  18 
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mnd  in  arioe  in  ojstiniiria  the  two  diamins,  cadavvn'n  (peut»- 
Inietliyleadbuniii)  uml  pulretdn  (LetrumetliTleiidiamin),  whiuli  are 
produced  ia  tlie  putrefaction  of  proteids.  Theee  two  diamiuB  were 
iftlito  found  in  the  uonteuts  of  t!io  intestine  in  cystiiiaria,  while 
iniider  normal  coiiditioDa  they  are  not  present.  The  altiiob 
Lhorflforo  considers  tliat  porhspH  aomo  cDnnection  exists  between 
the  fomiattnn  of  dianiins  in  the  intestine,  by  the  peculiar  putrefac- 
Uou  iu  cytilinuriu,  uuij  cystinuria  itself.  Cadavcrin  has  also  been 
found  in  the  uriuu  in  cystinurla  by  Stadtiiackn  and  HKiuuica.' 
ICystin  has  also  been  found  in  ox-kidneys,  in  horse's  lirer 
l{l>HEL'iisKi.'),  and  as  traces  in  the  liver  of  a  drnnknrd.  Kl'ls* 
unre  observed  the  oocurrenue  of  cysliti  during  the  digestion  of  fibria 
twitb  pancreas. 

C'yetin  cr^'atallizes  in  tbin,  colorlcstt,  six-tiided  plates.     It  is  not 

lable  either  in  water,  hIcoIiuI,  ether,  or  acetiu  aoid,  but  disdulvea 
mineral  acJdd  and  oxalic  aoid,  U  alao  dist!olves  in  alkaUeij  and 
BDiinonin,  hut  nut  in  liintnnriiiini  carhonHt«.     (^yatin  is  optically 

tive  and  strongly  lavvorotatory.      If  cyutitt  is  boiled  with  cuastio 

kali  it  decompoKea,  yielding  aitiong  otliur  proilncti^  ulknii  Kitlpliideaf 
[irhiob  niav  he  detected  by  lead  acetaie  or  soditiui  nitropruseide. 
(On  treating  oystin  with  tin  aud  liydrrRrhluric  aoid,  only  a  little  snl- 
iplinretted  hydrogen  isevoWeil  ami  cystein  in  produced.  On  ^Iniliing 
k  BolntioD  of  cyiitiu  in  an  t-xceeu?  of  caiiHtii:  soila  with  benzoyl- 
■diloride  a  volnniinoua  prertifiitute  of  benzoyl-cydtin  is  produced 
g[BATlUA.VN  and  (ioM)UANN').  On  heating-  on  plutiuuin  foil, 
bystin  does  not  melt,  hut  igtiitea  and  hnrna  with  a  blnii^h-greeti 
^me  accompanied  by  a  peenliar  sharp  odor.  On  wurming  with 
nitrioacid  cystin  drssolvod  with  dociHNpojitton  and  1i>ave.-i  a  reihlish- 
|)rown  residue  on  evaporation  which  doi^s  not  give  the  nmrexid  test. 
\  Cystoin  hydrocblorido  gives  a  nearly  insoluble  precipitate  having 
Ithe  composition  2(C,]I,NSQ,)  4*  StlgCl^  with  mercuric  chloriiie. 
[Bai:mann'  nnd  Boitissuw  '  have  baaed  a  method  for  the  quantitative 
^timation  of  cystin  on  this  behavior.  They  first  reduce  the  cyatin 
(by  stinc  and  hyfirocliloric  acid. 

1       Cystin  ia  easily  prepared  from  cyatin  calcnli  by  dissolving  them 
Is  alltali  carbonate,  precipitating  the  solntion  with  acetic  acid,  and 

>  Y^x\.  kl>n.  W<)cb»n«cl>r.,  |H8I). 
*  Du  B<)U-Rt!yiu»iid'tt  Arch.,  189L. 
•ZBitarhr.  r   BJoloifip,  Bd.  27. 
*Z.-li8<:)iT    i.  plivnifil  Oieui..  Bd.  19. 
*ibid,.  m-  19.  8.  511. 
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rediasolving  tlie  precipitate  in  &mmoQiu.     ThecYBtiacrjBtallizesi 
the  apuntitiicnus  eviiporatioii  of  tbo  attunonia.     TbocTStia  diasolT 
in  the  iirinn  \s  di^tcctcd,  in  tbc  absence  of  proleid  and  (tulpbureltftl 
bydrugeii,  by  bollirtg  vitl)  nlkali  and  testing  with  loud  bhII  or  sodiani 
nitroprusbide.     'i'o  isolate  cystiit  from  the  urine,  acidify  the  nriiie 
strongly  witb  acetic  aaid.     The  precipitate  oontaiaing  (ryatio  is 
oollect&d  arter  24  hours  und  digetited  wicli  liydmnhloric  acid,  wliic 
dissoWes  the  cystin  and  calcium   oxalate,  leaving   the  ario 
nndlHsnlTfid.     Kilter,  supftrsatnrate  the  l^ltrate  with  Ammoniiim ' 
bornite,  a.tid  treiit  the  precipitate  with  ammonia,  which  disMlvea  ' 
cydliii  and  loaves  the  calcium  oxtttulo.     filter  again  and  precipitate 
vitli  oceLio  uoid.     The  prct-iiiitutcd  cysLin   is   identified   hy  tlie 
mieroscope  and  the  nhoru-metitiottud  reactionn.     Cvntin  aaa  sedi- 
ment 13   iilentiiierl    hy  the  inicroj»ropp.     It  mngt  be   pnrified  by 
dlMulriiig  in  ammonia  and  precipitating  with  acetic  acid  aoJ  tlien 
tested.     Traces  ot  disboWed  cystiu  muy  bo  detected  by  the  prodtic- 
tioii  of  boDZoyl'cyatiu,  according  to  IIacnakn  and  (loi.nuAKH. 

VII.  Urinary  8edlnient«  and  Calculi. 

Urinary  sediinetit  is  the  more  or  leas  abundant  deposit  wbiob  is 
fonnd  iu  the  nritie  after  standing.  Thig  deposit  may  consjpt  p»rtl» 
of  organized  aiid  partly  of  noti-orgauized  coustitoetits.  Tliefint. 
coiisiBtiug  of  colli  of  variouti  kindit,  ytuut- fungus,  luacteria,  spenu*- 
tuKua,  ciutb,  etc.,  uuist  be  iuvestiguted  by  means  of  the  micniaoopo, 
and  the  following  only  applies  to  the  uoii -organized  deposits. 

A«  above  meutioued  (page  447),  the  arine  of  healthy  indiriilaklf 
may  Bometimog,  even  on  voiding,  be  dotidy  ou  account  of  tU 
|ib08phates  present,  or  become  'so  after  a  little  while  becunse  ■>[  th« 
eeparuliou  of  unite-.  As  a  rnle,  uriue  juit  voided  is  clear,  anil  after 
cooling  show^  only  a  faint  doud  (nubuCLila],  which  consisU  of 
ao-culled  mucus,  a  few  epithelium -colls,  muoonB  corpusolee,  ami 
urate  particles.  If  au  acid  uriue  is  allowed  to  Htuiid,  it  vil^M 
gntdually  change;  it  becomes  darker  and  do]>OBite  a  BOfliment  eoo^^ 
eisliug  of  uric  acid  or  urates,  and  Boniotimos  ahto  culolum-oxsliit* 
crystuU,  in  which  yoast-fangiia  and  bacteria  are  often  to  he  aeea. 
Thu  cause  of  this  chuDge,  which  the  earlier  investi^'utord  called 
"jicil>  i'kkui:niation  op  the  ikinb."  is,  according  to  Hchebkb.' 
the  mucQ;a,  which  acts  like  au  enzyme  or  ferment,  producing  an 
aoetic-acid  or  loctic-acid  fermentation,  precipitatiug  free  urJoocid 
oraoid  uratcjt.     According  to  Nkuuaubr,' nn  actual  acid  fermeD- 

>  Annul,  d   ('li<-in.  ii.  Plinrm.,  B<l.  'i:;!<!84^>. 

*  NeubAuer  und  Vogd.  ADftljav  <\<-»  lUruK  11878). 
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ttttion  may  occor  in  dial»tic  urine,  but  this  Beema  to  occur  only 
very  seMoiii,  auU  according  to  lEoHUAKX  '  au  acid  fennenUtion  of 
Hiv  iiriue  in  Scbeuek's  seii^e  doutt  not  occur  under  iiormal  coudU 
iions.  According  to  Vuit  and  IIukhann  ^  h  eepiuratiou  of  froe  urio 
acid  and  ncid  urates  muy  lie  pro<]iiccd,  vitliout  any  increase  in  tliu 
acid  reactiou,  by  an  exchange  of  the  di-liydrogen  alkali  phosplmtea 
with  the  alkali  nrato  on  cooling  and  on  standing.  Simple  acid 
pliwpiiato  and,  according  to  ttio  conditione,  acid  urate  or  free  urio 
acid  are  formed.  A  gradual  prccipiintion  of  urio  acid  may  occur 
not  ouly  without  au  increase  in  tlio  acid  reaction,  but,  because  of 
the  alkaline  reaction  of  tlie  Fitnplc  acjil-alkali  phoi^pluite,  it  may 
occur  with  u  Bitnidlancoa^  decrease  of  the  aume.  KCumann  hua 
preHcntetl  objectioitH  to  this  statement.  Uo  oluims  that  a  steady 
decrease  of  the  arid  reaction,  without  formation  of  uumioiiia,  caused 
by  the  aboTe-TiientioiLed  tmiiHfurmatiou  of  phosphates  and  urates 
doea  not  tuke  place.  The  acid  reaction  does  not  decreaae  until  the 
ammouia  lucreiuies.  According  to  Rkncb  Jonks'  the  precipitatioa 
of  the  uriu  acid  and  nrateii  hoH  anolliur  cautic.  lie  chiimH  that  the 
iirioe  contains  liyporacid  t^U,  t^o-cullvd  ([uudriunitea  (see  page  47S)» 
which  gradually  eplit  into  uric  acid  and  hitiratci^. 

I'^riier  or  later,  sometimes  only  after  several  weeks,  tbe  reaction 
of  tbe  original  acid  urine  changegand  becrnneti  neutral  or  alkaline. 
Tbe  urine  haa  now  passed  into  the  "  alkaline  fkiimbntation,'* 
which  consists  in  the  dccomjHD'ition  of  the  iircu  into  carbon  dioxide 
aJid  ammonia  by  meous  of  lower  orguniitms,  micrococcus  urete, 
bacteria  urea),  and  other  hactcria.  Mt'sft'i.iT.s'  haa  isolated  aa 
onzyme  from  the  niiurncoccna  ure«!  which  decompoKes  urea  and  ta 
aoloble  in  water.  During  the  alkaline  ferment  a  tron  volatile  fatty 
acids,  especially  acetic  acid,  may  be  prrohicod,  chiefly  by  the 
fermentation  of  the  carbohydratca  of  the  nriiio  (Salkowhki  *), 
A  fcrmtntation  by  which  nitric  acid  \%  reduced  to  nitrons  acid,  and 
another  where  aiilpbiiretted  hydrogen  is  produced,  may  soniettmea 
occur. 

If  the  alkaline  fermentation  has  only  advanced  ao  fur  aa  to 
render  the  reaction  neutral,  then  we  often  find  la  the  sediment 

'  Zeilscbr.  t.  pliyatol.  Cbem.,  Bd.  fl, 

«  SilinngxboT.  il    k.  b.  Aluul.  •).  WiMcnscti..  1867,  Bd.  2.  S.  279.    Cit«d  rrotu. 
nokoiann,  1,  c. 

'  Joum,  CUcm.  Soo..  Vol.  XV.  p.  8. 

*  PftO^r'a  Afcli..  B().  13. 

■  Zcilaclir.  t.  pbjraiol.  Cli«m..  Bd.  la. 
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frafpnents  of  nric-ar.id  crystals,  aometiniea  coTerei)  with  prismatic 
crjiitalfl  of  alkali  unite;  dark-colored  flpheres  of  mnmoniuin  unte, 
ofLcci  cryetuls  of  calciain  oiulatc,  and  aouietiniM  crjrstaltizcil  raUcinm 
pho^plittte  oi'c  also  foaad.  Cr^'stols  of  &mmoninin-n)a£nest[im  pbo^ 
pbste  (triple  pliosphate)  and  t!plicrical  ammoQiom  nrate  are  BpeciAll^ 
eharactoristic  of  alkaline  fcrmcutation.  The  nrino  in  alkaline  fer- 
mentation becomes  paler  and  is  often  covered  with  a  fine  membrsue 
which  contains amorphonsoulciiim  phoqihate  and  glistening crjrttoli 
of  triple  pbOiSphate  and  numerous  micro-organisms. 


Non-organized  Sediments. 

Urie  Aci(f.  Tliis  acid  occurs  in  acid  urines  as  colored  cryRBU 
which  art;  idontiBed  partly  by  their  form  and  portly  by  their 
property  of  giving  the.  murexid  teat.  On  warming  the  nnne  they 
arc  not  dissolred.  On  the  addition  of  caastic  alkali  to  the  sediment 
the  crvBtala  dlBsoKc,  and  when  a  drop  of  this  solution  is  plaoe<i  on 
a  microsoope-elidc  and  treated  with  u  drop  of  hydrochloric  iwid, 
nnall  crystals  of  uric  aoid  are  obtained  wfaieb  are  easily  seen  Dtider 
the  microscope. 

Acid  Crates.  These  only  occur  in  the  sediment  of  adid  ur 
neutral  uriues.  They  are  amorphous,  clay-yellow,  brick-red,  rose- 
colored,  or  brownish  red.  They  differ  from  other  sediments  in  tlwi 
they  dissolve  on  warming  the  urine.  Thoy  pve  the  murexid  UA^ 
and  small  microscopic  crystals  of  uric  acid  separate  on  the  addition 
of  hvdrochloric  acid.  Crystalline  nlkali  nrntea  occur  Tory  rarely  in 
the  urine,  and  iis  a  rule  only  in  such  as  have  become  neutral  hot 
not  alkaline  by  the  alkaline  fermentation.  The  crystuls  are  lotne- 
what  similar  to  thoxc  of  neutral  cnlcium  phosphate;  they  are  uM 
diasolted  by  acetic  acid,  however,  bnt  gire  a  cloudiness  therewith 
due  to  small  crystals  of  urtc  acid. 

Amntonittm  urate  may  indeed  occur  aa  a  swliment  in  a  neotnl 
urine  which  at  Arse  wtis  strongly  acid  and  has  become  neutralised 
by  the  alkaline  fermentation,  but  it  is  only  charaoteriaiic  of  ani- 
motuftcol  uriiien.  This  sediment  consists  of  yellow  or  browni-')^, 
ronnilcd  RphercA  which  arc  often  covered  with  ihotny-sbaped  pri>tiis 
and,  because  of  this,  are  mther  large  and  resemble  Lho  thorn'apple. 
It  gives  the  murexid  test.  It  is  dissolved  by  alkalies  with  the 
development  of  ammonia,  and  crystals  of  nrio  acid  separate  on  the 
additiou  of  hydrochloric  acid  to  this  solution. 
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Caieium  oxahitt  onciire  in  tliu  Beiliinent  gfiiiemll;  iw  Binall, 
shining,  Btronglj  refractive  mimlratio  ootaliedra,  wliicii  on  micro- 
BOOpical  exumiutttioii  remicid  uiieot  a  letter-oiireIo|)e.  The  crystuln 
can  otily  he  mlatukori  for  HOiall,  not  fully  develnped  cryttUUa  of 
uninotiiiim-miignoaiuni  pliot^plmte.  Thoy  differ  from  these  by  t)ieir 
InsolabilUy  in  acetic  acid.  The  oxalaLo  may  alao  occur  lUi  Hat,  oval, 
or  neiu-ly  circular  disks  with  contrnl  cavities  which  from  the  side 
appear  like  uu  hnur-glasu.  Calciutn  oxalate  niuy  occur  aa  a  sedi- 
ment in  an  acid  ae  well  as  in  a  nentml  or  alkaline  nrine.  The 
qnantity  of  catciniit  oxalate  sopnrated  from  the  urine  as  ricdinient 
depemlit  not  only  upon  tho  amount  of  thia  ealt  preaoni.,  bnt  u.bft 
npon  the  acidity  of  urine.  TbeBoWent  for  theosolate  lu  the  urine 
fiMmx  id  be  the  donble-ncid  alkali  plioephute,  and  the  groater  tbd 
qnantit}*  of  this  milt  in  the  nriue  the  grettter  the  qunotity  of  oxalate 
In  solution.  Wbcn»  bb  above  mentioned  (page  56A),  the  ainiple- 
acid  phosphate  is  formed  from  the  double-acid  phosphate,  on 
allowing  the  urine  to  dtaud,  u  curresponding  part  of  the  oxidate 
may  be  separated  as  aedJnient. 

CaletHm  carhutiate  occurs  in  ooiisiderable  (juantities  as  sediment 
in  the  nriue  of  lierbivora.  It  occurs  in  hut  Binall  quantities  as  a 
sediment  in  human  urine,  and  in  fact  only  in  alkaline  urines.  It 
either  has  lUmost  the  siune  appsirance  a^  amorphons  calcium 
oxalate,  or  it  occurs  or  somewhat  larger  globnlcs  with  concentrie 
bands.  It  diasolve-s  in  acetic  acid  with  the  generation  of  gag,  which 
differentiates  it  from  calcinm  oxalate.  It  13  not  yellow  or  brown 
like  lunnioninni  urate,  and  does  not  give  the  mnrexid  test. 

Vairivta  aulphaU  occurs  rerr  nrcilj  >e  a  sodim«nt  tn  gaoag\y  arid  urlaen. 
It  K)>{)Mira  as  long,  tbin,  oolor]t«»  Ofcdle*.  or  goncralljr  ■«  pl&u«  gruuped 
U)){(.-1  Ler, 

Calcium  Phosphate.  The  calciuv  trii'IIObpiiatr,  Ca,(PO,),, 
which  ocotirs  otdy  in  alkaline  urines,  iiS  always  aniurjilioim  and 
occurs  partly  as  a  colorletjB,  very  lliio  powder  and  partly  as  a  mem- 
brane consisting  of  very  tine  granules.  It  dilTers  from  the  amor- 
phous unites  in  tbiLt  it  is  coloilcss,  dissolre^  in  acuUc  acid,  lint 
remains  undig&olved  011  warming  the  urine.  Calcjitm  dipiios- 
pnATB,  CaHPO,  -f-  2ll,0,  occurs  in  nootml  or  only  in  very  faintly 
•aeid  unne.  It  in  found  someliiuosas  n  tbin  illm  covering  the  nrine^ 
■nd  sometimes  us  a  uedimcnt.  In  crystallizing  the  crystals  may  be 
single,  or  they  may  cross  one  another,  or  tbcy  may  be  arranged  in 
groups  of  colorleisa,  wedgc-shnped  crystals  whose  wide  end  is  uliarplj 
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de&ned.  TheBo  oryetals  diiTer  from  crystalline  olkaliDfl  crata  in 
ilmt  tbey  dissolvo  without  a  residue  io  dilate  auida  uad  do  not  gin 
ttio  murexid  test. 

Amvwninm'magnesiitm  p^ojt/thaie,  TKli'LK  PHOSPHATE,  way 
separate  of  roil i-gc  from  un  iitiijihoteric  unue  ill  the  preaoQce  ofi 
eaflicioat  quantity  of  ammonium  snlte,  but  it  ia  generally  Rb8^acte^ 
istic  of  u  iitirie  become  animonliical  tlirougb  alkaline  fermentation. 
The  crystals  are  so  large  that  tliey  may  be  seen  with  tiie  anaided  Q;e 
as  colorless  glistening  particles  in  tlic  sediment,  on  the  walla  of  ibe 
vesael,  and  in  the  film  on  tbesnrfureof  thenrine.  This  salt  foruu 
large  prismatic  crystals  of  tlie  rhombical  system  ( colli ti-ttlmped) 
nrhich  are  easily  soluble  iu  acetic  ucid.  Amorphona  maffnwiiim 
triphosphate,  M(j,(F'0,),,  owiiirw  witli  calcium  triphoepbute  in  lirioea 
rendered  alkaliiiB  by  ii  lixed  alkali.  Cryeudline  uiagne-sitim  pboe- 
pliate,  Mg,<PO,),  +  S^H.Of  bae  been  olwerved  in  a  few  cases  in 
immati  uriri«  (algo  in  tiuree's  urine)  as  strongly  refraotive,  long 
rbumbical  plates. 

K^tHn  ia  tlia  ftltn  which  appears  after  a  Uttlit  white  on  lli«  snrfacv  of  Uii 
urinn.  ThiH  nivting,  whicb  vraa  former  I  j'  u>Diiti]en!<]  w»  ch»rM:l«riKtic  of 
nriov  ill  |irpK""ii(^f>  cuuiaitia  rariKtin  e1«iii«til»,  sitcli  ok  Tuutfuis  vibriotie^ 
«pillinniitii-ciillB,  etc.  Il  ofltio  roniAiDH  oaitbj  pliobpli&Cea  nod  trtple  |ilioiipltita 
«rv»UilH. 

'  Ah  laorv  rare  eedliueDls  we  find  tyttin,  tyrttin,  fiippurie  aeid,  janXAb. 
honnntuKtin.  In  alkaline  nrino  tilue  cr^t-ials  of  tadiffc  nay  alao  occur,  due  la 
a  dei:oiiipoaJtiQ'D  of  indoxyl-gl>curoni«  nctd. 


Uriiiaxy  Calculi. 

Be&idee  certain  pathological  constituents  of  the  nrine,  all  tboH 
arinury  constitnents  which  occur  att  aediments  take  part  in  the 
formation  of  the  urinary  calculi.  Rbstkin  '  considers  the  esaentia) 
difference  between  an  amorphous  or  crystalline  sediment  in  the 
ariue  on  one  side  and  urinary  sand  or  large  calculi  on  the  other  to 
be  the  occurrence  of  au  organic  frame  iu  the  laet.  Ax  the  sedimeotl 
which  appear  iu  nungial  acid  urine  and  in  a  urine  alkaline  throagb 
fermentation  are  dilTerent,  so  also  are  the  urinary  calculi  which 
appear  under  correspondiug  conditions. 

tf  the  formation  of  a  calculus  and  ita  further  deTelopment  take 
place  iu  aa  nuclecomposed  nriue,  it  t«  called  a  primary  formation- 
If,  on  llie  contrary,  the  urine  has  uudergone  alkaline  fermenlation 
Aud  tiie  ammonia  formed  thereby  has  given  rise  to  a  calculous 
formation  by  precipitating  ammnninni  urate,  triple  phosphate,  awl 

*  Die  >*«tur  und  B«liaiidltiiiK  di^r  HamtrU'lDe.     Wi^badon,  IdM. 
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oartliy  phoapliatos,  then  it  i«  caltod  a  setokdary  formation.  Sncli 
A  formation  takes  place,  for  instance,  when  a  foreign  body  in  the 
blftdder  proilncps  cuUrrii  accompaniecl  hy  alkaline  formeutation. 

We  discrioiiuate  betw«eti  the  uucleus  or  nuclei — if  eiich  can  bo 
seen — und  tbe  diUereot  layers  of  the  calculus.  The  uucleus  may 
bo  essentially  differeut  in  dilTereut  catteti,  for  quite  fruqutjutly  it 
consists  of  a  foreign  body  introduced  into  the  bladder.  The 
calcnlns  may  hare  more  than  one  iiuclons.  In  a  tabulutiou  made 
by  Ultzmann  of  545  cases  of  urinary  calculi,  the  uucleus  in  80.9i( 
of  the  ca-^ea  consistE^  of  uric  acid  (and  nrates) ;  in  h.ia%y  of  CHkium 
oxalate;  in  S.t^iC,  of  earthy  phosphutes;  in  1.4^,  of  cystin;  and  in 
3.3<,  of  some  foreign  body. 

Puriog  the  growth  of  a  calculus  it  often  happens  that,  for  eome 
reaeon  or  other,  the  original  calcnIus-foruiiDg  subatauce  is  oorored 
with  auothor  layer  of  a  dilTercnt  substance.  A  new  layer  of  tho 
origiaal  aubstauce  may  deposit  on  the  outside  of  this,  and  this 
process  may  be  repented.  lu  this  way  o  calculus  con&iating  origi- 
nally of  a  simple  stoue  may  be  converted  into  a  Ko-called  compound 
stone  with  eereral  layers  of  different  mibstances.  iSuch  oalcnli  are 
always  formed  when  a  primary  formation  iK  changed  into  a  setwn- 
dary.  By  the  continued  action  of  an  alkuline  urine  coittainlng  pus, 
the  primary  constituents  of  an  originuily  primary  calculas  may  be 
partly  dissolved  and  be  repbu^ed  by  pbosphates.  Metumorpliosed 
urinary  calculi  are  formed  in  this  wuy. 

Uric-acid  calculi  are  very  abundant.  They  are  variable  in  size 
and  form.  The  size  of  tlie  bladder-atoue  varies  from  that  of  a  pna 
or  bean  to  that  of  a  goose-egg.  Uric-acid  stones  are  idways  wlored ; 
generally  tliey  are  grayinh  ytllow,  yellowiislii  brown,  or  pale  red- 
browu.  The  upper  surface  Is  sometimes  entirely  even  or  smooth, 
sometimes  roiigli  or  uneven.  Next  to  the  oxalate  calculus,  tlio  uric- 
acid  calculus  is  the  hardest.  Tiie  frnctiirtuj  tJurfaee  shnwi;  regular 
concentric,  unequally  colored  laytin  which  utay  often  be  rumovod 
as  sheUs.  These  calculi  are  formed  prininrily.  Layers  of  uric  anid 
laometiines  alternate  with  other  layers  of  primary  formation,  most 
ft^ueutly  with  layers  of  caleiuoi  oxalate.  The  simple  uric-acid 
calculus  leaves  very  little  ro&iduc  when  btirnt  on  platinum  foil. 
It  gives  tlie  mureiid  test,  but  there  is  uo  material  development  of 
uninonia  wliori  acteil  on  by  caustic  soda. 

Ammniiiitm-urate  i-ahttli  occur  as  primary  calculi  in  new-born 
or  nursing  infanta,  rarely  in  grown  persons.     They  often  occnr  m 
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a  seoondarr  formatinn.  The  primary  Ktoncs  arc  small,  vith  a  pde* 
ydlow  or  dark -yellowish  anrfaco.  When  moist  they  are  almoet  iibf 
douph;  in  tlie  dry  sUite  they  are  earthy,  easily  cmmbling  into  a 
pale  powder.  They  give  the  mnreiid  teat,  and  derelop  inu«Ii 
ammonia  with  naiicttin  .loda. 

Caieium-nxnlttfe  caintii  arc,  next  to  oric-acid  calcnii,  the  most 
abundant.  They  are  either  smooth  and  small  (iiemp-sred  CAXCmj) 
or  larger,  of  the  size  of  n  hen's  egg,  vith  rocigh,  uueTeo  sarfjcr, 
or  their  anrface  is  covered  with  prongs  (mitlberrt  CALcru) 
Thene  cjikuili  prodmie  Itleetling  easily,  and  therefore  they  ofien 
have  a  diLrk-hrown  Burfaee  due  to  deconipo3e<1  blood-coloring 
mutters.  Aiiiong-  the  nalciili  ocnirriiig  in  man  these  are  ti4 
hardest.  They  dissolve  in  hydi-odiloria  afid  without  developing 
gad,  hnt  are  not  soltible  in  lu-etio  aoid.  After  gently  heating  !).« 
powdej"  it  diflsolreR  in  acetic  arid  with  frothing.  After  Btrong'y 
heating  the  pnwder  it  ia  alkaline,  due  to  the  prodnctioti  of  qoick* 
lime, 

Pfio*phatfi  Calculi.  These,  which  consist  mainly  of  a  miitur* 
of  the  normal  ph'Osphate  of  the  alkaline  eartlts  with  triple  phos- 
phate,  may  ho  very  large.  They  are  as  a  rule  of  seeoTidary  fomi:i- 
tion,  and  contain  besideii  these  pha^phiites  also  some  ammooiiiiti 
nntte  and  calcMuin  oxalate.  These  calcnlt  Ardinnrily  coDisiat  of  u 
mixture  of  these  three  conatitiieritst,  earthy  phoephate,  triple  pboa- 
pViate,  uikI  uirimonium  urate,  ^nrronnding  a  foreign  body  as  a 
miflens.  Their  color  is  variable — white,  dingy  white,  pale  yellow, 
sonietiniea  violet,  or  liluc-colored  (from  indigo-red).  The  snrfaoeit 
always  rough.  Calculi  consisting  of  triple  phosphate  aiooe  ue 
seldom  found.  They  are  ordinarily  small,  with  granular  orndiated 
crystalline  fracture.  Stones  of  simplc-ticid  calcium  phosphate  are 
also  seldom  ohtaineil.  They  are  whitt.'  and  have  a  boiitttiful  crTftal- 
line  texture.  TJie  phospliatic  calculi  do  not  burn  up,  and  the 
piHvdcr  dissolves  in  acid  without  elTervedcence,  and  the  solotioa 
given  the  reactions  for  pho8])horic- acid  aud  alkaline  earths.  The 
1riple-pho8phate  calculi  generate  ammonia  on  the  addition  of  u 
alkali. 

Calcium- mi^xmatt  ealntU  oceoT  rhirtlT  In  herfalvora.  Thfjr  ars  whhM 
found  in  man  'I'lirj-  hhve  tiioalljr  cl)«ll(y  pro^KriuA  mnd  are  onlinMrilj  while. 
Tliey  urv  comvletely  or  )u  ereal  pRFt  ditaoivi^'i  by  bcMs  wltli  eftKtVKHCOf*. 

Vf/attn  f.ileuii  tteciiT  bat seldota.  TUej  are  of  primair  fonualion.  of  vufou 
ainKH,  oiiiifLituiu  utiaiuiuri  tiie  sIm  uf  a  brn't  v^;g.  Tlwj  have  a  tinualb  or 
rotiu'li  Huriac^.  aro  wlii»  or  pat*  thIIow,  nuil  tiav«  a  rrrsmllinv  fracture.   Tbt^' 
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■wi  not  ^vry  hard  ;  tlicr  ham  un  nlnirwt  pntircly  on  plstinniTi  foil,  barring 
with  *  liluiHii  flBiii».      Tlir}-  givn  llic  aUivn-incnCioncd  rrBCltona  ri>r  c/Ktiti. 

JfanfAin  raifuli  mrv  very  rarvly  fuuud.  Tbey  are  nl«u  of  ]>t'iuxuT\  r<)ru»- 
tion.  Tbey  vary  from  t))^  fllxe  oi  n  pf-K  U)  tliHt  nf  a  lieu'ii  vgg.  I'licy  urn 
n-hitiali,  y«llowisb  brown  or  clnrntmou-browti  in  color,  Qi«llmii  ]i«rd,  with 
nitioriiltous  fnic'ur«,  Hikd  od  rubblttK  &p[^'«ar  like  »ax,  Thu)'  burn  up  com- 
pleteiy  whan  beeicd  on  plaiinntn  (oil  rii^y  pire  tUc  lanlbin  r^Bctidn 
witli  nitric  %c>ti  antl  a.lkali,  bat  this  ani»l  ntit  Im  iiiiHtklccD  for  t be  uuimii^I  lest. 

UrMttalith  f'ilcfili  liiiTvoiilr  \tvfu  nli'^i-rrnKJ  a  fww  liuntB.  lo  \\iP  lui'i^t  slate 
tltey  aru  soft  and  vluMic  at  llic  tMtipuraiun-  of  lUo  Iwdy.  but  in  t1i>P  <lry  Ktato 
thej  akfO  brill  Ic.  will  an  ■luorpboiia  fnirtitrw  und  Mnxy  appmmncr.  i  b'-y 
burn  with  an  illiiniinatiiig  lIltIll•^  wlim  liencnl  i>u  |ilatinuni  foil,  anil  irriM-rntv 
AD  odor  sluilar  to  resin  or  sh«ll8<r.  StirU  s  calculus.  [nTeiiii|fat(K)  by  KnixBX- 
ntiBd,'  con&lRtMuf  paratSae  derived  (Mtn  a  pamlbne  boufpe  uMd  kb  a  Himnii 
■.'D  tli«  paii>>rtt.  I'i-rbap4  llie  nniticatilli  calculi  olosi-ivcd  in  nthercaava  Lad  a 
similar  origin,  altb<iii|;b  tbo  itiilHilann'a  nT  n-liicU  thr-y  <^i-niii<-teil  havp  not  bt-«n 
clu»«ly  Btu<licil.  HoiiiutZKWMKi  lin.H  recvutiy  aualyeed  a  cii>n  oT  umax-Hiitb 
which,  tn  all  Bjipi'tintiiCJ-a,  wax  fnniicil  in  th«  lituildrr.  Tliio  ralcnIiiB  coli- 
lainod  SS  p.  ni.  water.  B  p.  hi,  infirjrwnF-  bwdlcH,  1 17  p.  oi.  IhkIiwi  iimoiublo  tn 
ather.  and  H50  p.  in.  orcaitic  b<idtt>ii  Mtliilila  lu  «thi.T.  among  which  were  615 
p.  tn.  frru  fatly  acidi",  8HS  ji.  in.  fat,  and  iractrn  ut  chlon-alcrin.  Tim  fatly  aoida 
C'la'tlMMl  of  a  iidxliirv  ofMearir.  paltnilic,  and  pmliably  myrlatic  ncldi, 

Ui^RHAtiKWssi  *  ba8  altM  analyitLil  a  bladdvr-Hiuuu  M-liich  cojiiaJD«cI  fl&8,7 
p.  ni.  thaletUriti. 

FQrriH  Miciti  »(>nif>tinmi  msMir,  Tbny  conHiHt  of  mom  or  tnnn  cbangMl  Qbrin 
flOBgitltua.    Oil  buminic  ih«y  develop  aii  u<Iur  uf  burnt  Lorn. 

Tlio  cjiernictii  invesUffation  of  UTtnarii  valrtdi  h  of  jjreiit  practica] 
itnitortiiiitie.  To  make  KUi:li  uii  uxniiiiuutii>ti  actually  instructive  it 
ii  iifiCBSftary  to  inveatigat4?  sepiirately  the  ilJlIereut  layers  wlijcli  con- 
atitale  the  catciiln-^.  Kor  tliiii  ]iiir|>Ofie  kaw  the  ci)lcult]ii,  which  lias 
been  wra]:iped  in  [mper,  with  u  ime  smv  so  that  the  uucleiis  is  euned 
through  and  accemWAe.  Then  jiu-dI  oJT  tiie  diHerent  layers,  or,  if 
the  BtoHB  18  to  bo  kept,  acrape  on  enough  of  the  powder  from  each 
layer  for  exatniimtion.  'J'liiii  jmwder  i.-;  then  teftbeil  by  heating  on 
platitidin  foil.  It  must  not  be  furgntteii  that  a  oalcnlus  is  never 
entirely  burnt  up,  and  also  that  it  ia  never  so  free  from  organic 
matter  that  on  heating  it  doex  not  carboniEe.  Do  not,  therefore, 
lay  too  great  etresB  on  a  vory  insignificant  nnbitrnt  residue  or  on  a 
very  small  am  on  Dt  of  orfiunic  mutter,  but  cutifider  the  chIcuIus  in 
the  former  case  iw  completely  burnt  and  in  the  Iiittcr  as  not  bnrnl. 

Wlien  the  powder  is  in  great  part  burnt  np.  hut  a  sipnifimnt 
ijQantity  of  unbnrnt  residue  remains,  then  the  pnwder  in  niuwtiou 
ooiitaJnii  as  a  rule  urates  mixed  with  iuDrgaiilc  boiliett.  In  such 
caeeB  remove  tiie  urate  witli  boiling  water,  and  then  tc^t  the  filtrate 
for  uric  ucid  imd  the  cxpoctL-d  biwos.  Tlie  rysiiiuo  it^  then  touted 
according  to  the  following,' srA^wr^.  of  Hke.i.rju  whitdi  is  well  adapted 
to  the  inToatigatioa  of  nrinwry  calculi.  In  regani  to  more  detailed 
examination  the  remier  in  rcferre^l  lo  Epeciul  works  on  the  subject. 

■  Cham.  UDtemueh.  a.  wisMnsch.  lA»d.,  Bd.  Sl  Cited  from  Maly*a 
J«hr««1>«r..  Bd.  10.  S.  4:23. 

■  Zailacbr.  f.  physlol.  (Iiem.,  Bd.  18. 
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OTIAPTKR   XVI. 


THE  SKIS   ANP  ITS  SECRETIOKB. 


In  the  gtrnctnre  of  the  skin  of  man  and  vertebrates  many  dilTor- 
ettt  kitide  of  siib&t&Dce«  occur  which  hare  nUeody  bcou  trButeil  oC| 
Kuch  lui  the  congtituoQtE  of  the  opidoraiB  formation,  the  L-oimectire 
atid  fntty  Lissneft,  tho  nerves,  mujicles,  etc.  Among  these  the 
difTerent  horn- formations,  the  hair,  nails,  etc.,  wlin»o  chief  constit> 
aeut,  keratLQ,  ban  been  spoken  of  in  anoiber  chapter  ((^hup.  II), 
sm  of  special  interest. 

Tho  cells  of  the  horny  formation  ehow,  in  proportion  to  their 
age,  »  different  resistance  to  ctietnicul  reagents,  especially  fixed 
alkalioA.  The  youDger  the  liorn-cell  the  less  resiatuneD  it  lias  to  the 
action  of  atkfllice;  with  adfuneing  age  tho  rokiistarice  becomes 
greater,  and  the  ccU-mcmbnmes  of  many  horu-formationa  are  nearly 
insoluble  in  caustic  alkalici^.  Keratin  occiint  in  tlio  horn-formation 
Dtixeil  vitli  other  bodiea,  from  u'bich  it  is  iiwlaiod  with  difficalty. 
Among  tbeeo  bodice  the  miocml  conetitiioots  in  many  caaea  occnpy 
a  prominent  place  bocansc  of  their  quantity.  Hair  leares  on  bara- 
ing  A- 70  p.  m.  ash,  whioJi  may  contain  in  1000  parts  230  partB 
alkali  niilphatcs,  140  parts  calcinin  aiilpbalo,  100  parts  iron  oxide, 
and  even  400  parU  mlicic  acid.     Dark  liair  on  burning  seems  gen- 

terally,  but  not  always,  to  yield  more  iron  oxirfe  than  blotid.  The 
nails  are  rich  in  calcrnm  phosphate,  and  the  feathers  rich  in  silicic 
acid. 

The  grannlea  occnrring  in  the  stratnm  grannlosnm  of  the  skin 

contist  of  a  finbstanr^  whir.h  has  been  called  eleidiiu  and  vhicli  is 

considered  as  an  intermodinte  etep  in  the   tranaformntioii  of  the 

protoplaum  into  keratin.     The  chemical  natnre  of  this  substance  is 

I  nnknown. 

The  skin  of  invertebrates  has  been  the  subject,  in  a  few  castep, 
til  chenitoal  investigation,  and  in  these  animals  various  substanoes 
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have  bee>i  fonnrl,  of  wliicli  a  few,  tlioiigh  little  studied,  are  irorth 
disctiseiitg.  Among  these  boiUes  tuniciny  which  is  found  eppeciiilly 
in  the  tunic  nf  tlie  tiiniuata,  aud  thu  niilely  dilTut}e<l  ehiiin^  foaiul 
in  the  cuticle-formation  of  invertebrates,  are  of  interest. 

Tuniein.  (.Vlluloso  M'eina.  aocordinfic  lo  t^^  lUTotitigKlionaof  AMBROXX.' 
occur  rathrr  nttiiiKlvolT  in  did  nnimnl  Icin^nm  to  ili«  ftrtlirr-pcxU  himI 
molltiKks.  It  liAH  buun  known  lor  a  Imig  tiitit-  uk  tli«lunic  of  tbi-  fufii^'fa,  i 
tbi.i  an[m&l  <viliili>ti<'  wum  <riillfM]  mnli^'in  by  HKnTnRl/>T.*  Aco'rdin-  Cii  ilw 
r«<.'eii[  I  live  lif^HtioiiN  of  WintkRRTKIK  *  tlirr«  ciotw  ti«t  M-rm  U>>-si->tativ  tDarked 
diffvretjce  buiwecn  tuaicln  and  ur<Iitiur,v  cvUuloHti.  On  boilinif  mUL  dilute  Kril 
luniciD  jM6b  dextruHfl.  as  Bbnwn  liret  by  FiiAXCitixuKT  *  uul  later  ounfin&cl 

by  W  INTKIIHTEIN.  J 

GhitiiL  is  not  found  in  vertebrates,  la  invertebratee  cliitin  ii ' 
alleged  tu  nccmr  iu  eoveml  claaseB  of  animals;  but  it  can  otily  b« 
pofiitively  uKScrtcd  that  true,  typical  cbitin  is  looad  only  in  artico* 
lated  aniiUHls,  in  which  itforms  the  chief  orgumccoiistitueuLof  (be 
shell,  uLc.  Accordiug  to  Krawkuw  '  cbitin  of  the  shuU,  etc.,  doe* 
Dot  8ccm  to  occur  free,  but  in  combination  vith  anotlier  subetliDC^ 
probably  a  proteid-liko  body. 

Acconliiig  to  8l-nli\v[k  *  the  corapOBition  of  cliitin  is  pmtnlilj' 
C„n,„N\0„  -|-  n{H,0),  where  n  may  vary  between  1  and  4, audit 
18  probably  an  aiiiiue  dt-rirative  of  a  carbohydrate,  witb  the  geaenl 
foriiitila  «(*-'„U,.*^,.)-  According  to  Kkawkow'  cliitin  aboti 
dilTerent  origioB  hy  its  nnequol  behavior  with  iodine,  an<l  he  tlicff- 
fore  ciiiicluda-t  that  there  iiuiat  exist  qnito  a  group  of  chitins,  vbick 
Boem  to  be  amine  dcrivativcB  of  diffuretit  cu.rbohydrat«  audi  ■ 
dextrosQ,  gFycogen,  dextrins,  eto.  Chitin  is  decomposed  on  boiliof: 
witii  niinrrut  acids  and  yields,  as  shown  by  Lhddbuuokb,*  jt/koM'j 
viine  and  acetic  avid.  Siuiiieukiieho*  therefore  cousideri  chftil 
OS  a  probablf*  ucclj  I  ucctio  acid  couibitiatlon  of  glnDosamine.  If,  U 
proviotiely  mentioned  (page  345),  the  choiidroitic-Bulpburio  acid 
contuindu  ghicoputnitio  group,  iia  made  proltable  by  tbo  invEstigt- 
tioiis  of  SciiMiEDBREiio,  then,  according  to  ScnuiBUXBBBO,  ^d* 
oosamiae  foi'ins  the  bridge  which  loads  from  the  cbitiu  of  loro 

•  Milj-'ft  Jalir«tber..  Btl   W.  S.  318. 

■  Animl.  dc  uIiimi.  ct  i>LyK  ,  Toiiif  S6,  Compi,  mod.,  Tom*  47. 
» Zflit  flit.  f.    byBiol.  Cliem..  Bd.  18. 
■■  I{>-r  lie  d»ut»i*b.  fibem.  (JnttellKch..  Bd.  18. 

•  ■/..■\Uy:\>l   f.  Hinlnpic.  H^.  8». 

•  2''iiitL-lir.  f.  pbyaiol.  (JlM-m.,  Bd.  B. 
■■  I.  f 

•  ZetUichr  r.  pbTBto!.  Cb«Di.,  Bdd.  S  a,  4. 

•  Arcb.  f.  «xp.  Patb.  u.  Puurui.,  Bd.  38. 
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animals  to  t1ie  cartilage  of  hif^'lier  organized  beings.  According  to 
the  rocent  investigations  of  (Iri-ioN'  and  Wixtf.hstein' '  Bereral 
fangi  seem  to  contain  chltin  instead  of  cellulose.  On  denting  clutin 
irith  alkali  and  a  little  water  to  180"  C.  a  cleavage  take^  place, 
according  to  ITdppe-Seylrr  anil  Araki,'  with  the  formation  of  a 
new  substance^  chiloAan,  <^„11„N,0„,  whicli  retnins  the  shape  of 
th«  original  chitin  and  the  itplitting  oil  of  acetic  acid.  OhitOBan  ii 
diasolved  by  dilate  acids,  hIao  acetic  acid,  and  is  colored  riolet  by  a 
dilute  iodiuo  aoliitioii.  It  xplitK  into  acetio  anid  atnl  glunosamin* 
by  the  action  of  hrdrochloric  acid.  On  beating  with  acetic  anhy- 
dride it  ia  converted  into  a  cliitin-like  subRtance,  which  ij;  not  ideo- 
tical  with  cbitiu  and  contaion  at  least  three  acetyl  groapa. 

Id  the  dry  stale  chitin  forms  a  white,  brittle  mass  retaining  the 
form  of  the  original  tissue.  It  is  insoluble  in  boiling  water,  aloobol, 
etber,  acetic  acid,  dilute  mineral  acids,  aud  dilute  alkalies.  It  ia 
soluble  in  coiiceutrated  acids.  It  ia  dissolved  without  decomposing 
ill  cold  concentrated  hydrochloric  acid,  bnt  u  docompoued  by  boil- 
ing hydrocbloric  acid.  When  chitiii  itt  diMolved  in  coucentrated 
sulphuric  acid  and  the  solution  dropped  into  boiling  water  and  then 
^K>iled,  we  obtain  a  subatance  (glucoifiivmine  or  glucose)  wliich 
reduces  copper  suboxide  ia  alkaline  solntionti.  According  to 
Kkawkow  the  various  cliitins  behave  diSerently  with  iodine  or 
with  sulphuric  acid  and  Iodine  in  that  some  are  colored  reddish 
brown,  blue,  or  violet,  while  others  are  not  colored  at  all. 


» 


Chitin  may  be  eoeily  prepared  from  the  wings  of  insects  or  from 
the  shells  of  the  lobster  or  tiici  crab,  the  lo^t  mentioned  having  lirsfc 
been  extracted  by  aci  acid  ho  as  to  remove  the  linie-salts.  The 
wings  or  sbetls  arc  boiled  with  canstic  alkali  nntil  they  arc  white, 
afterward  washed  with  water,  then  with  dilute  acid  and  water,  and 
lastly  extracted  with  alcohol  and  etiior.  If  chitiu  so  prapurod  is 
dissolved  in  cold,  oonoentrated  sulphuric  ai^id  and  diluted  with  cold 
water,  then  pure  chitin  separates  out,  having  been  set  free  from  the 
combination  with  the  other  body  (Khawkow). 


HyaUa  b  iho  chl4>f  orfmaic  conmftuaat  of  the  wallsof  hydatid  crntA.  Fmin 
«  cl.ttuiicaL  poiDL  ot  visw  U  sUnds  closa  to  ehllin.  or  between  il  and  tlio  |in>- 
teid  111  oM  and  mors  tr&as|>ar''nl  mich  it  u  Inlrmliljr  Tri-H  fr  m  uiiiienl 
bodlMi.  but  in  younffer  bbch  it  ontKioB  «  grtwl  quauiUj  (IM)  uf  Unie-balta 
<C«rbon&te,  pkoepliAL^.  uid  «iilpliKtn), 


>  Conipt.  rend.,  Tom«  120. 

•Bet.  H.  dputwh.  cli«m.  ««MilWh..  IRM-1B96. 

•Zeltaolir.  f.  pli^siol.  Cbem.,  Bd.  30. 
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AcconUnit  tn  LficKK  ■  ha  coEDposilloa  I>: 

C  H  N  O 

From  cild  cysla 4S.8  6.5  6.3  43  0 

l-'roiQ  yociKR  cvsU 44.\  6-7  4.5  44.7 

Ic  dlllera  frciin  k^miln  ou  the  one  IisikI  uiil  from  prowlde  on  ibt)  other  bj 
the  Abfwnceof  sulphur,  niMil>y  iu  yielding.  wb>eaboil«d  with  UilaieHOlphnrte 
aril],  H  vutic-t}'  uf  aufcar  Id  iHr^c  tgunntides  (601),  which  is  rrdncin^.  fonncfil^ 
blf*,  nnd  ileKirogyrate.  U  ilifT«>re  from  ciiiilD  hjr  the  prop«n*  of  bvlnjc  {rwlii- 
ally  dbaolvod  hy  caustic  potMi^lt  or  Hodii,  or  bjr  diluta  acida ;  ahto  bj  its  eola- 
bility  iin  Iiwiting  with  wnttr  to  iSU*  V. 

'IVic  i:tUoTing  malttra  of  the  shin  aiut  hoTH'formiitiims  arc  ol 
dIfTert'ut  kiiuld,  but  liuve  nut  beeu  umuh  studied.  TLotw  occtirriDg 
ill  tlic  MiUpigliiuii  layer  of  the  skiu,  vapuuiuUr  of  tlie  negro,  and  the 
black  or  ljro\vn  pi(^iiiuiit  uccurriug  in  the  liuir  belong  to  the  group 
of  coluriiiLT  itmttem  which  havo  received  the  iiuino  meianinti. 

Melonins.  This  group  includes  Bovera!  difforout  Turiotiea 
aiiiorjihoiis  hluok  or  brown  i)igniODt8  which  are  iosoliibtc  in  water, 
uJcohol.  ether,  chloroform,  and  dilute  acids,  and  which  occur  io  tb« 
akin,  liair.  opitheliuui-cells  of  the  retina,  in  eepia.  in  certain,  patho- 
logicnl  foruiations,  aud  in  the  blood  and  urine  in  diseoae.  Of  thMi 
]>igmcnt8  thei-e  are  a  few,  such  as  the  melanin  of  the  eye  and  that 
from  titc  melanotic  sarcomata  of  horses,  the  hippomelattin  (Nekcki 
and  Ukkdkx*),  which  are  soluble  with  disunity  in  alkalies,  while 
oiherii,  Bnch  aa  the  pigment  of  the  hair  and  the  coloring  matter  of 
certain  pathologicnl  Rwellinga  in  man,  the  phytnatorusin  {Skucu 
nnd  Uehiikz),  are  easily  soluble  in  alkalies. 

Among  the  melnnins  there  are  ii  few,  for  example,  the  choroid 
pigment,  which  arc  free  from  tiulphur;  others,  on  the  contrary,  la 
the  pigment  of  the  hair  and  of  horse^hiiir,  are  rather  rich  la 
Hulpbnr  (''2-4^),  while  the  pliymatortislti  found  in  certain  awclhugfj 
and  iu  the  iirino  (Mskcki  and  Ukbok/.,  K.  Mobner')  is  very  ric 
in  sulphur  [^-MH).  Whether  any  of  these  jiigmeiilSf  especially  the 
phyniatorui;iii,  contains  uuy  iron  or  not  in  an  important  tboogb 
disputed  jioint,  for  it  leads  trj  the  'jue.tLion  whether  tlieee  pigmenta 
are  formed  from  the  blood-coloring  niiltont.  The  pigment, 
phymutornsin,  isolated  by  ^Nkntki  anil  HRRnp.z  from  melanotie 
aurcomata,  is,  according  to  them,  free  from  iron  uin)  ia  not  a  deriva- 
tive of  haemoglobin.  K.  Mornek  and  later  aliso  Kbaxdl  an«i 
L.  Pi^KiKruK  *  found,  on  the  contrary,  that  tliiii  pigment  did  contoio 

'  Virohow'B  Aruh..  MA.  18. 

•  Arch.  f.  Mt".  Piuh-  u.  Plmrui,,  Bdd.  20  u.  84. 

>ZnitMhr.  f.  pbyiiiol.  Chdm..  Bd,  11.  which  ovstalaa  all  the  old«r  UUivj 
turv,  and  M.  13. 

«Z9li5cbr.  (  Bbliij^iv.  Bd,  M. 
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iron,  and  thoy  coiisidor  it  as  a  doiivutivo  of  the  blood -pigmorits. 
The  difficulties  vhich  attend  the  isolation  and  puriQcation  or  the 
B)e]i&[iin&  have  not  been  overcome  in  eortuiu  c^oi,  wliiln  in  othurs 
it  is  qneBtionablo  whether  the  final  product  obiaiiied  has  not  another 
composition  than  the  original  coloring  matter,  owing  to  the  ener- 
getic chemical  procoKses  resorted  to  in  its  purification.  Under  such 
oircamfitanocK  it  seems  that  a  tnbalation  of  tlio  analyses  of  different 
melanin  preparations  made  np  to  the  present  time  iire  of  Beooudarj^ 
importanoe. 

Among  the  above-mentioned  bmlics  belonging  to  the  melanin 
group,  the  phymutorusin  prepared  by  Nkncki  and  Kiebrk  from 
melanotic  earcomatii,  and  that  prepared  by  K.  Muunmr  from  the 
Baruomutji  and  the  urine  of  a  patient,  seem  to  be  of  special  iutereet. 
Pbyni  atoms  in  rsun  umorphon^  dark-brown  pigment  soluble  in  alka* 
lied  or  alkali  carbonates,  but  insoluble  lu  warm  JO-75^  acetio  aeid. 
In  alkaline  solution  it  shows  no  absorption -hands.  According  to 
Nestki  and  SiKnEB  it  is  free  from  iron,  but  MOrnkr,  on  the 
contrary,  cluimi  that  it  does  contain  iron.  MJIkm:]!  found  for  this 
coloring  matter  from  tiiniora  (A)  and  from  nrine  (H)  the  following 
■   oompoeitlon  calculated  on  the  anLetanue  considered  as  aeh-free: 

H        Nbkcki  and  Siehkk  have  ahio  ahown  that  other  melanins,  not 
I  identical  with  pbymatorusiti,  occnr  in  molanoiic  luircomata  of  man. 
"  The  inTcatigittion*  of  ]iBANi»L  and   pKEiPrEn  seem  to  load  to  a 
similar  conclusion. 

I  The  coloring  matter  or  mattem  of  human  liair  contain  a  low 
fjaantity  of  nitrogen,  8.5^  (SiEbEn'),  and  a  variable  bnt  high  quau- 
tity  of  sulphur,  2,71-4.10?.  The  conaiderable  qnantity  ol  iron 
oxide  found  in  the  ash  does  not  seem  to  belong  to  the  pigment«. 

Id  mldUioo  lo  tlie  colnrinjt  m&tt^r!)  uT  tli«  liuman  nkin  we  may  aJ.«o  bera  IreM 
of  tlin  |-igin«nt4  found  iu  tliEi  akin  or  e(>idermi>^-formutiun  of  animals. 

Till-  Imuutiful  ci'Inr  i.f  tlic  fi»  iiljorfi  nf  mmiiy  l>irit^  ih-pcud-.  in  ctrtftiu  cavw 
Od  piirplv  (iliviiiciil  faiiKi*ii  (iiii«rr''rr<gicn-p!ifliii>in<>tiii),  liiil  in  othor  rnit^j*  <in  rnl- 
(iriiti:  iiiaiu-rs  of  vart-mH  kiiiilB.  SuvL  n  cotorinic  luaitur  in  ilit;  amiirpiiouii  rod- 
dish  v)i>lrMp/rfKtn.  vrliiflinniitiiin7<T^on|ipttr,  and  wliuecHpeoiruni  t.t  vi-rr  Kimilar 
tQ  ili»t  nf  QXili4Vtnogl('ljii).     SlinRGNBClta  ■  fniuid  »  luge  aiunber  ol  'eiAoT'm^ 

■  Arcli.  r.  axp.  Pftth.  u.  PLam..  BJ.  W. 

*  Sv.  PhTKio).  Stndieti,  Abtli.  5,  a.  2,  B«ib.  Abth.  1,  8.  IQl,  AUIi.  3.  S.  \.  u»d 
AbUi.  S,  S.  138. 
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mutlrn  in  l>iril«'  fi-nIlirTx.  iiniiii-lj.  Toofrj/thrin.  taofuiviH,  Utraeomtriin,aaa<w 
bin.  ftntUifofutvin.  autl  otlitrfii  whirli  caciaut  bo  eDuui«ral«d  b«r«. 

TsirantrTtluriji.  ^o  lututnl  by  WrsM.  Ih  u  red  jMoorpboiui  pijUMDt.  wlitclau 
sohibU-  ill  alroliolHiiil  other.  hikI  wlik-li  cifcan  in  Ilie  red  warty  ifpots  oi-ef  l!ir 
«7<>ttof  ilif  liiiKtli'Ooclv  nod  the  i>rQU6<p,  and  wbk'h  is  very  widely  apre&d  KDOOf 
tb«  inv(n"brj.tM liiALMituitTO.N,*  Du  MBiiKJKowt>Ki.*  MAf^Ml■^^■  'l.  BiaU« 
tetroDorytliriri  MacMtnn  found  in  tlir  sbHIs  of  rrab«  and  I'tbsU-rs  atilavdil- 
oring  iimCtnr,  cuamKriiiiUUiin.  wbich  turoH  ml  vritli  actiU  and  bjr  buiiing 
wnirr.  ILnnmoporfrfi^rin.  ucuurdlnf;  lu  &[ArMcNS.'  also  <iccunt  iti  ibe  tnicju* 
inehLi  at  MTtAln  lAwi>r  anlnibln. 

luadililiiitL  li>  lb«  c-iloriitf;  umlturn  tlius  far  ninnllutted  h  few  ollien  (outtd 
iu  coriain  aciltnalH  (tliougli  nul  in  cLe  sktui  will  b«  epokvo  of. 

Cftrminlc  add,  or  tlio  nd  obrini;  HiAiier  ■>(  cocliltiMil.  lias  tbe  aKapOBllM 
C\iU|aO|i-  It  gives  wigar  uii  LiniliD|{  with  ncids.  but  tliis  does  nnt  c-irrttfMi 
with  tbn  rropnt  KlatKtnmbi  cif  LiKiiKi(M,^XK.*  Tbv  iM-mitlfiil  |tur|)l<'  luilulioarf 
uniiiiouium  c«nntiiat«Lati  twu  ab»«>ri>lU>ii-1>andii  Wlw<^«ii  Z)  nud  if  vrhteb  m 
similar  tJi  tbnw  of  ctxyli;piii<>;;l()l>iM,  TtiiMA  bands  li«  aeanrrb)  A' and cl<it«r  u- 
ffxtbi-r  iiml  »tv  1<4H  Nburply  ij<^l1u(70.  Pwpi*  is  tliv  evatHirntvd  rMidae  fruti 
ilie  jmrplt!  vlolni  Hnrretinn,  caused  by  tbe  ai'.tinn  of  tlw  hunlif^ltl,  frtnn  tlw  ■C' 
ciill^  "  piirjite  gland  "  if  tliu  tunic  if  c^rta^n  tipecles  of  murvc  aod  jNirpuM, 
Itscliemical  ualuri>  ba^  not  b<-f<D  inv«8ti|;»t«^. 

AmuiiK  tbo  ri>uiaiumK('')luri[ig^  uiaiu>n>  found  in  inwrtobratvs  wb  may  km 
tinn  bltu  sUnton'n,  netiniDc/trom.  bowUia.  polyp^rptftrin,  ptntaerinui,  Mlf- 
danin,  fiuiititftttrubin,jitnOtittiii,  iiiiti  efiLirtrpiijfU. 

Sebum  when  freshly  aecreteil  is  an  oily  semi-fluid  mass  wbicb 
goliililios  ou  tile  upper  surface  nf  the  skin,  loriuiug  a  greasy  ooatiag. 
The  quantity  is  very  <lilI«ri)uL  in  different  persons.  Hoppv 
Sbtlbr'  baa  fuuud  a  boily  similar  to  cuseia,  btssidtM  albumia  uA 
fut,  iu  the  sebum.  Cliolesterin  iii  also  found  in  this  fat,  and  io 
eepeciiUly  largo  qiiuutities  in  the  vernix  cwneosa.  The  sotidfl  of  lbs 
sebum  coneiet  chielly  of  fat,  epitheliatu-cells,  and  proteiu  bodiei; 
the  wmix  cuseasa  consists  chiefly  uf  fat. 

On  account  of  tlie  generally  ilHIused  view  that  wax  of  the  plut 
epidermis  eerres  as  protection  for  the  inner  parts  of  the  fruit  ttd 
plant,  LiEBKKic'ii:*  lias  Buggested  that  the  combinations  of  faUT 
acids  with  uiuiuitumiu  aluohub  are  the  ruiuou  fur  tlie  rasutuo* 
property  of  the  waxeti  us  compared  with  the  glycerin  fatL  Uvil» 
consiijere  Unit  the  cholesleriii  fats  play  the  rC>le  of  s  protectinEtf 
in  the  animal  kinj^Jom,  and  he  has  been  able  to  detect  choleeteriD 
fat  in  human  skin  and  hair,  in  vernix  oaseosa,  whale-bone,  tortoiw 

■  Zi-ilftcbr.  f.  wisscDitcb.  Zool..  1871.    Cited  from  Maljr'a  JaLrMber..  Bit. 

•  JnnniAl  of  Pbysiiil.,  Vol.  6, 
'  Comjiu  rend.,  Toinn  98. 
*Pft«:.  Hoy.  Sue..  1983. 

■  Quart.  Joiim.  of  Alierov.  Sc..  1BT7,  and  Jouraal  of  Pb^slol..  ToLT. 

•  Ber.  d.  deutaeli.  diem.  QescUacli..  Bd.  IS. 
'  PbyaW,  Vlu-m. .  S.  700. 

•  Virchow'a  Arcb..  Kd.  121. 
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abell,  cow's  horn*  tb«  featUcrB  and  beaks  of  several  birds,  tha 
prickles  of  the  hed-jehog  and  porcupine,  the  hoof*  of  horsea,  etc. 
lie  draws  the  loilowiujj  concluiiiou  from  this,  namely,  that  llie 
cholesteriii  ftiLs  uiwavs  appear  in  ceinbiuutiou  with  the  keratitious 
aubatance,  and  that  the  choleeteriu  fat,  like  the  wax  of  plaots, 
serves  as  protiictioti  for  the  ekiii-tturface  of  &Diiiial8. 

Oerumea  id  a  mixture  r>f  tl)e  secretion  of  the  itebaceous  and 
sweat  glaud«  of  thecarlilagioouspart  of  the  outer  oi'gans  of  heariag. 
It  coutaiua  chiefly  soaps  and  fat,  ami  besiiles  these  u  rei]  aubetaacd 
euaily  soluble  in  alcohol  and  with  a  bitter-sweet  luiXf}. 

The  preputial  secretion,  smegma  prapulUt  contains  chiefly  fat, 
also  cholcsterin  and  animonium  soaps,  ivbich  probably  arc  produced 
from  dccompoiied  urine.  The  hippiiric  acid,  beuzoic  acid,  and 
coioiam  oxalate  fonnd  in  the  suiegma  of  the  horse  hare  probably 
the  same  origin. 

We  may  also  cunaider  aa  n  prermtial  secretion  ihe  eaitvreuin,  wUicli  i«  BU. 
crelCil  tiy  iwa  ]>t>cu1]ar  f;L(induliir  sul-k  iu  tLe  prepucv  n(  tlii.-  bt-nvcr.  Tlih  cm^ 
torvuni  U  a  mixiin>>  of  fmitwiiU.  Int.  rvMin«,  ttucon  of  |fh  nnl  [volniil'i  oil}.  «nd 
aaoii-nilni^*Dix<'(J  LH]ily,nMf"ri'f,  crvtiittlllziriu  in  foiirsiiJoil  nci'illiti  frum  alcu- 
bol.  inM)liil)lii  incnlil  wntcr,  l>utMiiiiftwliu  anluble  In  boiling  wnu-r.  ibnti  wIjoao 
cumponition  is  liltle  krinira 

WoOt-fM,  or  llic  so  callt-d  Tat-Kweal  oT  sli»p,  U  a  i»Esiur«of  llio  socrotion  a( 
Hit  xu<lnrf[>«miis  ami  iteluiri^iiM  ctandfl.  Wc  And  in  the  waiiiy  fitrairt  n  isr^'o 
qtuuitit;  ■>(  [>otn.-«iuiii  ^'IiIl-Ii  Ih  cuiiiiiinml  wjtli  orf^anJc  hci-O,  volatiltf  nml  ii<>n- 
voIaiUo  fftity  acids,  beuzuji;  Hi'itl,  [iIieaol-Btilplmrlc  Hcid,  lucrtt:  acid,  tiia.lie 
aeid,  suixJDiC  sfid.  oiid  acUtirB.  Tlia  fut  Dotiuina  aiuau^  oilier  lii>ditn« 
abundant  (luikijiiticft  oC  etLcis  of  faltj^  itCJdA  witlt  cLoleatvrin  and  ImilIioIfi^ 
lorin, 

The  wcreiivn  of  tlia  ooccvfreal  glundw  of  ducltH  and  gj-vna  contains  a  liodj 
•iniilar  la  caKoiii,  liAsidea  nlli<tni)n.  nuclttiti,  IrdtJiin.  and  Tat.  Inic  tiosugar  (l)K 
Josnic  '].  Pui«)[i')u.i  Uidirifi  liave  Imfu  fi>und  In  liii'  ncc-piinn  ot  tli«  okin  ■■!  I  lie 
aals'iiaDilar  and  ilie  toad  respectively,  tamandarin  (Zalkkey  *]  aud  bujidin 
(JCMUiaRA  aad  Cabali  *J. 

The  Sweat.  Of  the  secretjons  of  the  skin,  whose  qnantity 
amonnu  to  abont  ^f  of  the  weight  of  the  body,  a  disproportiotiidly 
lar^  part  consists  of  water.  Next  to  the  kidneys,  the  skin  in  man 
18  the  most  important  meanB  for  the  elimination  of  water.  As  Iho 
glanil-s  of  the  nkin  and  the  kidneys  stand  near  to  each  otlier  in 
regard  to  their  fniictions,  they  may  to  a  certain  extent  act  vica- 
rionsly  for  one  another. 

The  circnmHlancoM  which  inriiiencetheeecretion  of  sweat  are  very 
nameions,  and  the  quantity  of  sweat  secreted  mnst  consequently 

Zeltwlir.  f.  pbyaiol  CLem.,  Bd.  8. 

*  Hoppe-Seylcr'n  M<M  chem,  Uni«r«iich,,  8.  85 

*  Riv.  di  BoluitQa,  l!J73,     Ciied  from  Maly'k  Jaliftiiibei.,  Bd.  fl.  S.  64. 
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Tftry  very  considerably.  The  eecreiion  differs  for  different  parUof 
tlie  skin,  and  it  has  been  elabcd  thikt  the  perspiration  of  the  clieek, 
that  of  ibe  palm  of  tlie  hnnd,  and  tliat  under  the  iinn  stand  to  e«cti 
other  as  lUO  :  tlU  :4d.  Frciin  tbe  unequal  s«cretiou  on  different  pitU 
of  the  body  it  (ollowe  that  no  result))  as  lo  the  quantity  of  Becretion  for 
the  entire  surface  of  the  body  can  bo  calciikted  from  the  quaiittlt 
aecreted  by  a  amatl  part  of  tlie  ekin  in  a  given  time.  In  deteroijfl 
ing  the  tntal  qtiaucity  a  stronger  secretion  is  as  a  rulo  produced,  ana 
aa  the  glands  can  with  dttHculty  work  tor  a  long  time  with  tlie  saxat 
energy,  it  is  hardly  correct  to  uatimate  the  qnanttty  of  secretion  per 
84  hfiura  from  a  Btroiig  Bccretion  tudnring  only  a  short  time. 

The  perspiration  obtained  for  investigation  is  never  quite  pun, 
but  coutainit  caat-olT  epidermis-celh),  also  cella  and  fat-gtobules  from 
ihfi  sebuceouii  glands.  Filtered  sweat  is  a  clear,  colorless  fluid  widi 
a  ealty  ta^te  and  of  diffurcut  odors  from  difTerent  parts  of  the  bodj. 
The  pbysictogical  reaction  is  acid,  according  to  most  stalemenu. 
Under  certain  conditions  also  an  alkaline  sweat  may  be  sooKtad 
(TrCmpv  iUid  Ll'CHsrJrnKft,'  Unrss').  An  alkaline  reaction  an; 
alao  depend  on  a  deconqvosition  with  the  formation  of  animoDia. 
According  to  a  few  investigators  the  phyeiological  reaction  il 
alkiiliue,  uud  au  acid  reaction  depuuds,  according  to  tbeee  inveslig^, 
tora,  upon  an  adooijiture  of  fatty  acids  from  the  subum.  Moruotiu' 
found  that  Iho  sweat  from  herLiivora  was  ordinarily  alkaline,  wiiill^ 
that  from  cariiivora  was  generally  acid.  According  to  Slinii' 
lior»e'B  sweat  is  strongly  alkaline.  The  spocitic  gravity  of  tiiuau 
■veat  is  l.QUS-l.OOo.  ^ 

Perspiration  contains  ti77.4-*J96,6  p,  m.,  average  988.2  p.  u^^^ 
water^  and  4.4-:^2.(J  p.   m.,  average   11.80  p.   m.,  eotids.    Tbt 
organic  bodies  are  neutral  fati,  ckoleititrin,  voiutile  faUy  acvk 
traceis  of  proteid  (according  to  Lecluuc  '  and  SSurru  *  bahilualljF  ia 
horses,  according  to  Uaubb'  regularly  io  mou,  and  according 


*  PflCigm-'M  Arcli..  Bd.  18. 

■  ManatslisfM  f.  pnikt.  Darmat.,  Bd.  14.     Cit«d  froin  Half's  Jakntte.. 
Bd.  m.  S.  199. 

■  Muloacbuti,   Unlvnuob.  lur  Naturlir^  Bd.  11;  also  AUlj's  iakmtaf, 
Bd.  H.  S.  130. 

*  Joiiriiftt  of  Physiol.,  Bil.  11.     lo  r^«rd  v>  tkn  older  litetature  u  ti"*^ 
Me  Urruiatiu's  UuDdbucti,  Ud.  S.  TU  ],  &  4:11  u.  643. 

*  Coinpt.  rend.,  Toui«  107. 
•U  c 

■  Maly'u  Jalineber.,  Bd.  »,  8.  IML 


LstTBB'  sometime*  after  hot  hatlis,  in  Brioht's  diaease,  and  after 
the  use  o(  jiil(»car])in).  iilso  creatinin  (CapRASICA '),  nromaftc 
o-xtfticxda^  ethermi:*ulphHric  acids  of  jihenol  i%n<l  skthxyl  (Kast'), 
but  not  of  iDdoxjrl,  uiid  \m\.\y  urea.  Tbe  quuutity  of  urea  hati  been 
detunnmed  by  AuaurisssY.'  Iti  two  sUjam-batii  eipifriraeiits,  ia 
wliiuli  ia  tbe  cuursv  of  i- uckI  i  hour  respectively  he  obtained  122S 
aad  330  c.  o.  sweat,  be  fotiud  1.01  and  1.24  p.  ni.  urea.  Of  the 
tuta]  uitrogeuof  tlio  sweat  in  Lbeiie  Ltrocxperiiueuts  Z'6.5  and  7-1.9<t 
respectively  beloug  to  the  urea.  From  AHOiTtNSKY^sexperimenUt 
aud  also  frooi  tli09«  of  CbaUbr,'  it  follows  that  of  Liio  total  uiLrogeu 
«  portion  not  to  be  dierogardvcl  is  oliminttted  by  tbe  sweat.  This 
portioQ  wua  indeed  \'Z%  m  an  experiment  of  Cuamkk  at  high  tem- 
perature and  poworful  muscular  activity.  Cbamrr  liaa  also  found 
ammonia  ia  the  ^wcat.  In  uricniiu,  and  in  iacUnriu  in  cholera^  urea 
may  bo  secreted  in  bucIi  quautitles  by  the  swcat-glauJb  tliut  crystals 
dejtoait  upon  the  skiu.  The  mineral  bodies  consist  chiefly  of 
sodium  chloride  with  aomo  potassium  chloride,  alkali  sulphate,  and 
phosphate.  The  reUtiyo  quautitiea  of  these  in  perspiration  differ 
materially  from  the  rjuantitics  in  the  urine  (Favkk,*  Kast).  The 
relationship,  according  to  KAsr,  is  as  follows: 


In  p«nipi ration 
In  urin« 


ChloiiDe 
I 
1 


Pliuspbatfl 
0.0015 


Sulphate 
t>.UI)D 
0.397 


Kabt  fonnd  that  the  proportion  of  ethere^l-iiulpburio  acid  to 
the  sulphate  Eulpburiu  acid  iu  sweat  was  1  :  XI.  After  the  admin- 
istration of  aromatic  tiiibsUiioes  the  ethereul-sulpliunc  acid  does  not 
increase  to  the  same  exteut  iu  the  sweat  as  in  the  uriue  (see 
Chapter  XV). 

Svgiir  mhy  pASit  Into  thi?  (twf&t  in  dlalwten,  but  the  pUMA^  of  tfie  bflftml- 
orinp  tiintlrw  h*>  iiol.  lieeii  |«ialtiiely  sLowii  in  tlib  aofrtrtinn.  ffetitoie  tuid, 
tveet'iie  'ifid.  t'trtnrie  ncui,  ioifiiir.  ur»enie,  iiurenrie  chinrtd/",  and  qn/iiin*  pus 
iDt»  Uh!  RweM.  Uric  acid  liiis  aJgo  \xva  found  iu  iho  kwbdi  in  guui.  mm!  ejf*Hn 
In  cvfiiiura. 

ChrombidriMli  is  tliB  D&mn  girmi  to  the  Mscretion  of  onlor^d  Hweat,  Raino> 
timeii  awuAt  liw  be«a  obwrvixl   ui   be  colored   blue  by  lndl|{o  i(BiKto'),  by 

'  l^obfl,  Vlirhow  H  Awli..  Bdd.  48  u.  M,  uiil  Arch.  f.  klio.  Mod..  Bd.  7. 
•Mftljr'sJabn-.-tber..  ltd    13.  S   ISO. 
>&ii.chT.  f  phTfliol,  Ctiom..  Bd.  II,  8.  001. 
•PHDKor'K  Arch.,  Bd.  46. 

•  An:li.  /.  nyf.')f(U'.  Ud,  10. 
'Compi.  r<-iid,,  Toiu«  35.  nnd  Arch,  gfin^r.  demAd.,  t8S8<S£r.  S),  ToL  S, 

*  Wlea.  SitEuii^ber.,  Bd.  39. 
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pyOflyanln,  or  bj  f«n-(>-pli<Mpliftt«  (Koi.i-maxx  ').  True  lilood-sweat.  Id  w\i 
blood-corpiucles  exude  from  the  opeoioga  of  tb«  glands,  tuve  ilIso  bemi 
•orTod. 

The  exchange  of  gas  thrvugk  the  skin  m  man  is  of  very  litt 
importance  couiptireil  witli  the  exchange  of  gas  by  the  lungs.    The 
ftbsorptioa   of  oxygen   by   the  ekin,    which    was  first  sbowa  bf 
Rkcjnai'lt  unci   liEisirr,  is  very  emaU.     The  cjuantity  of  cartxKi 
ili[>xitle  eliiiLiciuLtiil  by  the  Bktu  increaisea  with  the  rise  of  temperaiurv 
(AcuKiii/  KOuHio,'  Fl'bini  and  Ki^ncui*).     It  is  abto  greater  in 
light  tlmii  iu  darkuess.     It  is  greater  iluriug  digustiou  tliua  wbw 
ia&tiug,  and  grttater  after  a  vegetable  tliau  after  ua  aDimol  diet 
(FtiiiiKi  and  KoxcBi).     The  qiinutity  calculated  by  various  'm\t^i 
tigators  for  Itie  ucitiro  skiu  surface  iu  '^4  houra  varies  betweea  2.j}| 
and  !12.8  gruis.'     Iu  certain,  animals,  as  in  frogs,  the  exchange  «f, 
gits  through  the  ekin  is  ot  great  importaDce. 

.Vs  the  oxctiaugo  of  gas  throQgh  the  skiu  in  man  and  mu 
is  very  sniall,  it  follows  that  the  Injurious  and  dangerous  effectt^l 
caused  by  covoriug  the  skin  with  varnisb,  oil.  or  the  like  vxa 
hardly  depend  ou  a  prevented  excluiDgo  of  gas.  After  vaniishiiig 
the  skin  there  is  a  considerable  loss  of  heat,  and  the  animal  qoicU; 
dies.  If  the  auiuial,  on  the  contrary,  be  guarded  from  thisloaof 
heat,  it  may  be  saved,  or  at  least  kept  (dive  for  a  longer  time. 
This  ufTect  was  supposoi]  to  be  due  to  a  poisoning  cansed  bj  a  reten- 
tion of  one  or  more  eubstances  of  the  perspiration  (perspirahU 
rclmlum),  accompanied  hyfevernml  increasod  loaa  of  heat  througli 
tho  skin;  but  this  statement  bos  uot  bi>on  BobsUotiated.  Tbi* 
phonomonon  seems  to  be  due  to  other  causers,  and  ut  least  In  certain 
aiiiniala  (rabbits)  death  seems  to  ensue  from  the  paralysis  of  the 
THSO-inotor  nerves.  In  aniistomosts  the  loaa  of  heat  through  tiie  bIcio 
seems  to  ho  increased  to  such  an  extent  that  the  animal  dien  fK^ 
the  towered  tcmpenUure. 

■  Wurxl>.  mcd.  ZeitMh..  Bd.  7,  8.  851^    Cited  from  Oonip.Ba9anfli,  Uhlk. 
4.  Aufl.,  8.  fiTiA. 

•I'flag<<r'8  Arch..  Bd,  6. 

•  Deuwcli.  kliii..  1873,  S,  Wfi. 

*MolcecboU*»  Mt!UT.-iui.'li.  aur  Nalurlihre.,  Bd.  IS. 

^  See  Boppe-3t);]er,  PbysJol.  Cli«u.  B.  SSO. 
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DUUHG  life  a  oonBtant  exchange  of  giues  takes  place  between 
the  animal  body  ani]  theEiirroittiiliiig  medium.  Oxygen  in  inspired 
ind  carbon  dioxide  eijiired.  This  exehunge  of  gases,  which  is  called 
respiration,  is  bronght  ahont  in  man  and  vertebrates  by  the  Datri- 
tive  Uiiids,  blood  and  lymph,  which  circulate  in  the  body  and 
which  are  in  constant  oonimnninafjon  with  thi  oater  niediitni  on 
one  Hide  and  the  tisAne-elementji  on  the  other.  Sneh  an  exchange 
of  gaaeoiiB  constitnen  hs  may  take  phice  whererer  the  anatoioicol 
conditions  offer  no  obstacle,  and  in  man  it  may  go  on  in  the  intes- 
tinal tract,  through  the  skin,  and  in  the  Innga.  As  compiir*^  with 
the  exchange  of  gtu  iu  the  hingo,  the  exchange  alreiidy  mentioned 
whioli  occurs  in  the  intest-ine  and  throngK  tlie  skin  is  very  insig- 
nlficanL.  For  thia  reason  we  will  discnu  in  tbi«  chapter  only  the 
exchange  of  gas  between  the  Mood  and  the  air  of  the  Innga  ou  one 
aide,  and  the  l^lood  and  lymph  and  tlie  tisanes  on  the  other.  The 
first  is  often  designated  external  renpiration,  and  the  other  internul 
reepi  ration. 

In  this  chapter  we  will  accordingly  firet  discnss  the  gattee  of 
the  blood  and  lymph,  and  then  the  exchange  of  ga«  in  the  lungs 
and  tissuea.  Tbefjoantitfttive  circumstanceaof  the  exchange  of  gaa 
stand  in  each  close  relationship  to  metabolism  in  general  that  they 
will  be  treated  of  iu  the  last  chapter,  on  the  inoome  and  output 
of  the  body  under  different  conditions.  Only  the  chief  point« 
in  the  methods  commonly  employed  for  measuring  the  exchange 
of  gaa  will  bo  mentioned. 

I.  Thp  GiiHCH  of  llu'  nioofl. 

Since  the    pioneer    investigations  of    Maonts  and    LotUaK 

Mkykr  the  gases  of  the  blood  have  formed  the  subject  of  repeated, 
careful  investigations  by  prominent  eipcrimontera,  among  whom  we 
moat  mention  first  0.  Lfuwio  and  bis  pupils  and  K.  I'plC'ick  and 
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hie  Bcbool.  Bt  these  investigatioQB  not  only  hns  scionce  been 
enriched  by  n  rniutB  of  facts,  but  ateo  tbo  methods  themselvM  h&n 
beou  made  more  perfect  imd  accurate.  Id  regard  to  theee  matbods, 
ae  also  in  regard  to  the  lawB  of  the  abflorption  of  gosos  b;  liquids, 
di^ociation,  and  other  qiiestiotia  belonging  here,  the  reader  ii 
roferred  to  coniptete  text-books  on  physiology,  on  phjsicti,  and  oo 
gu8o metric  analysis. 

Tlio  gases  occnrring  in  blood  under  physiological  conditions  an 
»zyffen,  carbon  dioyiile,  and  nitrogen.  The  lufit-nicntionod  gia  il 
found  only  in  very  small  quuntitJeB,  on  an  average  of  1.8  vol.  per 
cent.  The  qiinittity  is  here,  a^  in  ull  following  experimoote.  calcu- 
lated for  0"  C.  and  700  mm.  pressure.  The  nitrogen  mema  to  be 
simply  absorbed  into  the  blood,  at  leaet  in  great  part.  It  sppeare 
to  play  no  part  in  the  procobRes  of  life,  and  its  i^aantity  varies  bit 
slightly  in  the  blood  of  dilTerent  blood-Tessels. 

The  oxygen  and  carbon  dioxide  behave  otherwise,  as  their 
quantities  hare  tiigniQcant  variations,  not  only  in  the  blood  from 
diderent  blood-vessels,  hut  also  because  many  comliiiunis  eocb  us 
dlifereuce  lu  the  rapidity  of  circulation,  a  dilTereni  tempcratun, 
rest  and  activity,  cause  a  change,  in  regard  to  the  gases  tlu; 
contain  the  greatest  difference  is  observable  between  the  blood  oJ 
the  arteries  and  that  of  the  veins. 

The  quantity  of  oxygen  in  the  arterial  blood  of  dogs  is  on  so 
average '2'4  vols,  percent  (PPLOtiKR).  In  human  lilooil  Sm^cHBNow 
fontid  alK)u(  the  same  rpnuitity,  niunely,  31.6  vols,  percent.  Lowv 
figures  Iiave  been  fonml  for  i-abliit's  and  bird's  blood,  re^iectlvdj 
13.2)<  and  10~Ifl^  (Walter^  Jor-TKr).  Venous  blood  has  v*fj 
variable  quantittesof  oxygen.  Lt'nnriti  and  Sczrlkow  found  fi.S^ 
oxygen  in  the  veiioiiH  blood  of  resting  mu^les,  and  a  still  Brosller 
qnonttty  in  the  venous  blood  of  active  muscles.  Oxygen  is  entirdj 
ftbftent  from  blood  after  asphyxiation,  or  oocars  only  as  traces.  Thi 
renonn  blood  of  the  glnudH  seems,  on  the  contrary,  daring  secrelio« 
to  be  richer  in  oxygen  than  ordinary  venous  blood.  By  BummariEing 
a  great  nurahrr  of  analyses  by  dilTorcnt  experimenters  ZrsTH  h« 
calcnlatfid  that  the  venous  blood  of  the  right  side  of  the  heMt 
ooDtains  on  an  average  7.  loit  less  oxygen  than  the  arterial  blood. 

The  quant  it  ff  flf  carbon  dioinie  m  the  arterial  blood  of  dogs  ii 
80  to  40  vols,  percent  (Lriiwtii,  Setschkxow,  Pfi^Cgeb,  P.  BKtf. 
and  others),  most  generally  nbont  40:C.  Sltsciienuvi'  found  W.i 
vols,  per  cent  in  hnman  arterial  blood.     The  quantity  of  carbon 
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dioxide  in  venonB  blood  rariea  nttll  more  (Lrnwio,  PFLOr.Kii  and 
their  piipiU,  P.  Rkkt,  MATiiiF.r  find  TTnnAiN,  and  otherg). 
Recording  to  the  fialiiuUtionR  of  Zi'ntz  the  venous  blood  of  the 
right  side  of  the  heart  coritainn  about  8.*i<t  more  carbon  dioxide 
than  the  arterial.  The  average  amnnnt  muv  tte  pat  down  as  48 
rolti.  per  cent.  IIoLunREK  found  in  blood  after  aophyxiation  even 
6fl.31  rolfl.  per  cent  carbon  dioxide.' 

Oxygen  is  absorbed  only  to  a  ^mall  extent  by  the  plannia  or 
■emm,  in  which  PplOokr  fonnd  but  0.3r»^.  The  greater  part  or 
nearly  all  of  the  oxygen  is  looBcly  combined  with  the  haemoglobin. 
The  qtiantity  of  oxygon  which  ia  contained  in  the  blood  of  the  dog 
oorwspondB  clo«ely  to  the  fiuantity  which  from  the  actirity  of  the 
haemoglobin  we  ahonld  expect  to  combine  with  oxygen,  and  also  tlie 
quantity  of  hienioglobiii  in  canine  blood.  It  in  difTlcnlt  to  luscertaio 
how  far  the  circiiluting  arteri»l  blood  is  satnrated  with  oxygen,  as 
immediately  after  bleeding  a  lo^  of  oxygen  always  takes  pluce. 
Still  it  eeems  to  be  iinqueiiitiona.ble  that  it  ia  not  quite  completely 
saturated  with  oxygen  in  life. 

The  qnestioD  whether  ozone  cccunt  in  the  blood  i«  to  be  answered 
decidedly  in  the  nogatiie.  It  ia  not  only  impo^ible  to  detect  ozone 
in  the  blood,  but  the  poasibility  of  the  occurrence  ol  ozone  in  the 
flnidn  and  titsauea  is  even  n  priori  to  be  denied.  Ozone  acts  us 
nuiscont  oxygen;  aud  as  easily  oxidlzuble  substaucea  occur  in  the 
orgunlsm  which  combine  with  noecenl  oxygen,  osono.  if  auch  a 
formation  should  take  place  at  all,  would  be  destitiyed  instantly. 
But  such  a  formution  of  ozone  in  the  animal  body  cannot  be 
admitted.  Ozone  may  indeed  be  formed  by  bIow  oxidation,  since 
the  nascent  oxygen  formed  in  consequence  combines  with  nentrnl 
oxygen,  forming  ozone;  but  in  the  animal  organism  the  naacent 
oxygen  must  b«  combined  with  the  oxidizable  subatHnces  before  it 
can  form  ozone. 

It  was  formerly  believed  that  the  hiemoglobin  acted  n^i  an 
*■  03tone-exciter,"  posaetwing  the  property  of  converting  the  iQiicti»e 
oxygen  of  the  air  into  ozone.  The  red  blood-corijusclies  can  by 
thcmselvee  also  giro  a  blue  color  with  tincture  of  guniacum,  which 
is  markedly  seen  when  this  tincture  is  dried  on  blotting-piiper  nnd 
a  drop  of  blood  previously  diluted  with  6-10  vols,  water  is  adde<l. 

'  All  tli^  llRUrea  p'tWD  &l>ove  maj"  b*"  fonml  in  ?>iinlx')>  "  THb  liastt  dps 
BlutGH"  in  KcriimHU'H  H&ji>]biicl>  •).  P1i;i>1<jI.,  lid.  4.  Thl  3.  S.  S9-4S,  wbich 
iilnn  rnnlaion  dutailed  Blntvmi-titu  and  tliu  |iiiniDeDt  ]ll«rsture. 
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According  to  PplCoek,"  we  are  here  dealing  (see  page  134) 
docoDipoeilion  auci  gnulual  oxiiliitioti  of  hiemoglobin,  in 
processes  the  nentral  oxygen  iH  split,  setting  free  oxygen  atonu. 

The  cArboti  dioxide  of  the  hlood  occnrs  in  part,  and  indeed, 
according  to  ttie  iiiTestigiitiona  of  Xlhth.  SctiMir)T,*  Zkntk,*  and 
L.  FFtEDEUiC(j/  to  the  extent  of  at  least  one  third,  in  the  blood- 
corptianlea,  and  aJ^o  in  part,  and  in  fact  the  greatest  part,  in  tht 
ploeinaand  aennn  renpeotively. 

The  carbon  dioxiile  of  the  red  corpnacleB  is  loosely  combined, 
and  the  conKtitnent  nniting  wic)i  the  CO,  of  the  Rame  aeema  to  be 
the  alkali  coin)>ined  witli  phogplioric  acid,  uxyha>m»glohin  or  haemo- 
globin and  gtohulin  on  one  aido  and  the  haemoglobin  itself  ou  titf 
other.     That  in  the  red  corpiiBcleA  alkali  phosphate  occnrs  in  siicli 
quantities  that  it  may  bn  of  importanco  in  the  combination  Tith 
carbon  dioxide  is  not  to  bo  donbtcd,  and  we  must  admit  that  froB 
the  diphosphate,  by  a  greater  partial  proasnro  of  the  carbon  dioxidt, 
mouopliosphatc  and  alkali  carbonate  arc  formed,  while  by  a  lotat 
pnrtlol  jtrcBauro  of  the  carbon  dioxide  the  mass  action  of  tbeplus- 
phoric  acid  comes  again  into  play,  so  tbnt,  with  the  carbon  dioxide 
bcoomiug  free,  a  re-formntiou  of  alkali  diphosphate  takes  place.   K 
U  genendly  admitted  that  the  hlood -coloring  matters,  expeciallT  the 
oxyhemoglobin,    which   can   expel   carbon   dioxide   from  sodicnn 
carbonates  in  v^fuo^  act  like  an  acid;  and  as  the  globulins aUo Ml 
like  acida  (aco  below),  thia  body  may  aUo  oocnr  in  the  blood-«>r- 
pnaclcs  OS  an  alkali  combination.    The  alkali  of  the  blood •corpnerka 
moat  therefore,  according  to  the  law  of  mass  action,  be  difided 
between  the  carbon  dioxide,  phosphoric  acid,  and  the  other  cod- 
atitucnts  of  the  blood -corpiiacleH  whir b  are  considered  aa  acid  actiflK* 
and  among  these  especially  the  bluod-pigments,  as  t)ie  globniiacu 
hardly  be  of  importance  becaiiae  of  its  fimnll  qnantity.     By  greaiff 
mass  action  or  greater  partial  pressure  of  the  carbon  dioxide,  hic»^ 
bonate  mnnt  be  formed  at  thn  expense  of  the  diphosphates  Md  tbt 
other  alkali  combinations,  while  at  a  diminished  partial  preesorotil 
the  same  gas,  with  the  escape  of  carbon  dioxide,  the  alkali  (lipb»- 
phate  and  the  other  alkali  combinations  most  be  re-formed  altbe 
cost  of  the  bicarbonate. 


>  PrtQ^r's  Areb..  Bd.  10.  S.  SW. 

■  B«r.  d.  k.  HllcltM.  UeMtllit^h.  d.WlHnenoch.,  Malh.-pbyt.  KImm,  Bd.  1»,  Of- 

»  Oontnilbl,  f  <l.  m»d   WissenMli..  1867,  8.  R28. 

*  Rech»rch«<  »ur  la  oonmiluthiii  du  Plum*  sangiiia,  t878.  p  90-51. 
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Hemoglobin  must  nerertheleBS,  as  the  iiivestigatlonB  of  Sbt- 
soiTFNOW  '  and  ZuNTz,'  lunl  esjiBciMlly  tlin»e  of  IJoriK '  anil  Tohui-,' 
have  ubuwii,  be  able  to  lio3(l  tlie  carbon  dioxide  loosely  combined 
even  in  the  abgonoe  of  alkali.  Ronit  bas  also  fonnil  timt  the 
dusociatioii  curve  of  the  curboii-dioxiJu  h»!inoglol>iti  corresponda 
esBentially  to  the  curve  of  the  ab8or|ition  of  carbon  ilioxiiie,  on 
whicli  grouiui  he  and  Tonup  consider  the  haemoglobin  itself  as  of 
imporUnce  in  the  binding  of  the  Rarl>on  dioxide  of  the  blooil  and 
not  iti!  alkali  coin bi nations.  In  regani  to  thiij  quetttion  the  condi- 
tions are  not  qoite  clear.  If  carbon  dioxide  is  allowed  to  act  on 
hemoglobin,  it  unites  (Bohk,  Tont:?)  with  the  colored  atomic 
group  of  the  hietnoglobio,  splitting  off  proteid,  and  from  this 
haimoglobin,  bo  decomposed,  oxyhfcmoglobin  cannot  be  formed  hy 
the  action  of  oxygen.  According  to  ItoiiH,  for  each  gramme  of 
hasmoglohin  at  +  18,4"  C.  and  a  prosaure  of  ^0  mm.  2.4  c.  cm. 
carbon  dioxide  are  oombincd ;  and  einoe  in  the  aTt(>ruU  blood  nearly 
all  the  ba'moglobin  cxiet^i  us  oxyhirmoglobin,  it  is  ditriciilt  to 
nndewtand  how  the  hremoglobin  can  bo  of  any  great  importance  in 
the  binding  of  the  carbon  dioxide  of  the  blood.  Aocortltng  to  the 
recent  inveatigations  of  ]k)iitt'  thia condition  is  explained  by  tlie 
property*  of  the  haemoglobin  to  take  np  both  gases,  carbon  dioxide 
and  oxygen,  Bimnltancously  and  independently  of  each  other.  It 
takeA  ]>lnce,  as  admitted  by  lioiiit,  by  the  oxygen  probably  uniting 
with  the  pigment  nudcos,  and  the  carbon  dioxide  with  the  protcid 
oomponont. 

The  chief  part  of  the  carbon  dioxide  of  the  blood  is  fonnd  in  the 
bloo«l-p1iifma  or  the  blood-serum,  'which  follows  from  the  fact  that 
the  acrum  is  richer  in  carbon  dioxide  than  the  corresponding  blood 
itself.  Ily  experiments  with  the  »ir-pnmpoii  blood-senim  it  hna 
been  fonnd  that  the  chief  part  of  the  carbon  dioxide  contained  in 
the  Mrnm  is  giren  off  in  a  racnnm,  while  a  smaller  part  can  be 
pninped  out  only  after  the  addition  of  an  arid.  The  rpd  corpnscles 
also  act  as  an  arid,  and  therefore  in  blood  all  the  carlinn  dioxide  is 
expelled  iii  vaoto.  TIence  a  part  of  the  carbon  dioxide  lit  flmdy 
chemiCAlly  combined  in  the  senim. 

>  r«arrKlbl.  f.  d.  med,   WiBsenscli.,    1877.     Sw>  kbiu  ZuuU    in    Ilrtnnann's 
Bandbucli.  S.TS. 

•  L  (!..  H.  7fi. 

»Stf.  Maly'ti  Jfthntiiber.,  Bd.  17,  8.  115. 
*Jbid..  8.  115. 

*  See  ruoUuijt«  4.  p.  139. 
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Absorption  experiments  with  blood -seni in  have  shovn  ne  fartL 
tSlat  tUc  carboa  dioxide  which  can  be  ptinipe'l  out  is  in  great  pari" 
lomclf  chcmioall;  combined,  and  from  this  loose  combtiiatiou  of  Uw 
Dorboa  dioxide  it  uecessarilr  followB  that  the  lerum  mast  aln 
contain  etniply  absorbed  tmrlion  dioxide.  For  the  form  of  bintlii 
or  the  curbon  dioxide  continued  in  the  seram  or  the  plasma  wc  lit 
the  three  following  potwibilities:  1.  A  part  of  the  oarbon  dioxide  ii 
eimpty  absorbed;  2.  Another  piirt  is  loosely  chemically  combined; 
3.  A  tiitrd  part  is  in  linn  chemical  combiuutiou. 

The  quantity  of  simply  absorbed  oarbon  dtoxtde  hoe  not 
exactly  detoniiinod.     Setschenow'  cousiderB  the  qnaniity  in  dof-" 
Genim    to  bo  about  ,',  of  the  total  (piantity  of  carbon  dioxid«. 
Accordinj;  to  the  tension  of  the  carbon  dioxide  in  the  blood  and  ill 
abKiirjitioii  RuoHicient,  the  'jimntity  socma  to  he  still  smaller. 

The  quantity  of  Qniily  chemically  combined  carbon  dioxide  to 
the  hlooil-fscrum  depends  npou  the  quantity  of  simple  alkali  cir 
boiiiite  in  the  sorum.  This  quantity  is  not  known,  and  it  cauiMt 
be  determined  cither  by  the  iilkalinity  found  by  titration,  nor  can 
it  be  calculated  from  the  excess  of  alkali  found  in  the  ash,  becsua 
the  alkali  is  not  only  combined  with  carbon  dioxide,  hut  also  wilb 
other  bodies,  especially  with  protcid.  The  quantity  of  firmlj 
chemically  combined  carbon  dioxide  cannot  bo  osnertainoil  afur 
pumping  out  iVi  i^anio  withont  the  addition  of  acid,  because  toill 
appearancoa  certain  active  constituents  of  the  aeroin,  anting  like 
acld8|  expel  carbon  dioxide  from  the  simple  corliouute.  Ilie 
quantity  of  carbon  dioxide  not  expelled  from  dog-sorum  by  TaeniuB 
alouo  without  tlie  addition  of  acid  amounts  to  4.'.'  to  9.3  toU.  f* , 
cent,  according  to  the  determinations  of  PflCoeb.* 

From  the  occnrrence  of  Hinijile  alkali  carbonatoa  in  the  Uwil- 
eerum  it  nntumlly  follows  that  a  ptirt  of  the  loosely  combinod  eorhn 
dioxide  of  the  Beruni  which  ciin  be  pumped  ont  must  occur  u 
bioarbonute.  The  occtirrence  of  thin  r;omhination  in  the  bloc^- 
serum  has  also  been  directly  shown.  In  experiments  with  tb* 
pump,  OS  well  as  in  aboorjM-ion  ex]K)rimentB,  the  serum  behafesis 
other  ways  at!  a  solution  of  Iticarbmiate,  or  corbonate  of  u  cont- 
qjonding  concentmtiou;  and  the  helmvior  of  the  loosely  combined 
carbon  dioxide  in  the  serum  con  be  explained  only  by  Uie  occurreiM 

'  Oalntibl.  f.  d.  mml.  Whaensoh.,  1877.  Mu.  SS. 
'  E.  I'DOff^r.  Uelter  die  Knlit^n^urf>  (lea  DIuUw,    Hoon.  18M.    B.  II. 
froca  Zuiit«  la  Hernunirft  IlaDdlnirli.  S.  A5. 
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of  bicarbonale  iu  tlie  senun.  Uy  rueaus  of  vacuum  the  durum 
Aiways  allows  much  more  tb&n  one  half  of  the  carbon  dioxide  Lo  bo 
axpalled,  and  it  follows  from  tbis  that  in  tlie  pumpiug  out  not  i>iil; 
may  s  diseociation  of  the  bicarbonate  take  place,  but  also  a  coiiver- 
sioQ  of  the  doable  sodium  carbonntc  iiit»  a  simple  salt.  As  we 
kuow  of  no  other  carbou-dioxide  combinution  bt'siJes  tho  bicarbon- 
ate ia  the  scruDi  from  nhioh  the  carbon  dioxide  oun  be  set  free  hy 
simple  disKociatioti  in  eacuo,  wo  are  obliged  to  aesume  that  the  soriim 
muat  coutaiD  other  faint  auidn,  in  addition  to  the  curbon  dioxide, 
which  ooatend  'vritb  it  for  the  alkulieH,  aud  w)iich  expel  the  carbon 
dioxide  from  simple  carbonates  in  vacuo.  The  carbon  dioxide 
which  is  expelled  hy  nieariH  of  tlie  pump  and  which,  without  regard 
to  the  eimple  absorbed  quantity,  is  getiurally  deui^Muited  aa  **  loosely 
ohemicully  combined  uiirhon  dioxide,"  is  thus  only  obttiitied  iu  part 
iu  diaaociable  louse  comliiiiatioii;  in  part  it  originates  from  tho 
simple  carbonates,  from  whiuh  it  is  expelled  in  vacuo  by  other  Cakit 
acids. 

These  faint  acids  are  thonKht  tn  be  in  part  phosphoric  acid  and 
in  pari  globulins.  The  importance  of  the  alkali  jilioBphates  for  the 
carbon  dioxiile  combination  has  been  eliown  by  tho  iiivestigatious 
of  FcitNiiT;  but  the  rpmntity  of  these  salts  in  the  semm  is,  at  least 
fa  certain  kinds  of  bloml,  for  example  in  ox-serum,  so  small  tliat  it 
can  hardly  l>e  of  importance.  In  r&}i,'urd  to  the  globulins  Skt- 
W/UEN'ow  ia  of  the  opinion  that  they  da  not  actasacida  themsclTcs, 
bat  form  a  combination  with  carbon  dioxide,  producing carboglobn- 
linioacid,  which  unites  with  the  alkali.  According-  to  ^ilf:In'uLI,' 
whose  Tiews  have  lately  foiitid  a  supporter  in  '['oiti:r,  the  globulins 
tbemsetreti  are  the  acids  which  are  combined  with  the  alkali  of  the 
blood-serutn.  Iu  both  cases  the  globulins  would  form,  directly  or 
indirectly,  that  chief  constituent  of  the  plasma  or  of  the  blood- 
gemm  which,  accordirtg  to  the  law  of  tho  uctjon  of  matsea,  contends 
with  the  carbon  dioxide  for  the  alkalies.  By  a  greater  parliiil 
pressnreof  thecai'bon  dioxide  the  latter  deprives  the  globulin  alkaii 
of  a  part  of  its  alkali,  and  blcBrbonate  s  formed;  by  law  partial 
pre«anre  the  carbon  dioxide  escapee,  and  the  bicarhonato  is  alutractcd 
by  the  globulin  alkali. 

In  the  foregoing  it  has  been  assunied  that  the  alkali  is  the  riioi^t 
intial  and  important  constitnent  of  the  hlood-sorum,  an  well  a» 
[^he  blood  in  general,  in  nniting  with  the  carbon  dioxide.     The 
'  Huppe>S«yler,  Med.  cfaeiu.  Untentucli. 
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fact  that  the  qiiaDtity  of  carbon  dioxide  in  the  blood  greatly  dii 
iahos  with  a  decrease  ia  the  quantity  of  ulkttii   strengtbetu  ttiif 
uBsiimptiou.     Sach  u  couditioti  is  found,  for  example,  aft«r  poisoa^ 
ing  with  mineral  acids.     Thus  Walter'  found  only  a-3  rola. 
coot  carbon  dioxide  in  the  blood  of  rabbits  into  whose  stomaclH' 
hydrochloric  acid  bad  been  tntroihiced.     In  the  comatose  state  of 
diabetes  meliitus  the  alkali  of  the  blood  seems  to  be  in  great  part 
saturated   with    acid   comhinatloas,    /S-oxybutyrio   acid    (Stadrl* 
MANX,'  Minkowski),  and  Minkowski*  found  only  3.3  toIs. 
cent  carbon  dioxide  in  the  blood  in  diabetic  coma. 

In  the  above  wo  hare  emphaiiizeU  the  fact  that  the  oxygen 
the  blood  occnra  in  a  dit^sooialjleconibinatiun  witii  the  hffimoglolMiliI 
and  that  for  the  formation  of  this  combination,  oxyhaemoglobio, 
a  distinct  partial  presswre  of  the  oxy^-en  is  neceeairy  for  ererr 
rariation  in  temperature.  Altio  that  the  carbon  dioxide  of  the 
bibod,  that  which  ia  contained  in  the  blood-corpuscles  as  wpII  m 
that  ill  the  platima,  ocunr»  mot^lly  in  combinations  which  ai* 
deptmdent  tu  a  great  extent  upon  the  partial  pressure  of  the  caHwa 
dioxide.  Hence  for  tha  study  of  the  exchange  of  gaaes  betvan 
the  blood  arul  cho  ulveolnr  uir  nn  one  aide,  and  the  blood  and  IIh 
tissues  on  the  other,  spcciiil  regard  must  be  paid  to  tba  qnestion 
«B  to  how  far  this  exchange  of  gases  is  the  resnlt  of  the  lav  of 
diffuaion  and  how  far  other  forces  take  part  in  it;  also  the  teDOoa 
of  the  oxygen  and  the  carbon  dioxide  is  of  the  greatest  importincft 
For  these  reasons  it  is  best  to  treat  of  the^e  questions  in  that  sectioa 
of  this  cKapter  deuling  with  the  exchange  of  gas  in  the  lungs  aod. 
tiasues. 


(Htea  of  the  Lymph  and  Seoretiona. 

The  gases  of  the  lymph  are  the  same  as  in  the  blood-aemm,  mi 
the  lymph  stands  clo.-ie  to  the  blood-serum  in  regard  to  the  onantitj 
of  the  various  gases,  as  well  ils  to  the  kind  of  carbon  dioxide  combi- 
nation. The  inVRstigations  of  DiENnARDT  and  TlENSEx'on  tbe 
gases  of  human  lymph  are  at  hand,  but  it  slill  remains  u  qaMt><*> 
whether  the  tympli  inrestig;it&d  was  quite  normal.     The  gasa  of 

'  Arc'.,  f.  o«p.  Pftth.  u.  Pharm..  Dd.  7. 
»  Ihifl..  M    17. 

■  Mittlioil.  n.  d.  mod.  KUnk  io  KOolgBbprg.  IBSS.  ud  ^icb.  f.  ezp.  Pwk>a> 
Pharm  .  1^1.  18 

<  Virchow'8  Apck.Bd.  «7. 
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normal  dog-lymph  were  first  invcstigatod  by  the  AVrnoit.'  TlieBc 
ffUir  contained  traces  of  oxygon  and  coiisiflt«d  of  li7.4~bXl^  CO, 
uid  1.6^  N  at  0°  C.  and  700  mm.  iig  pretianre.  About  one  hall  of 
the  carhon  dioxide  was  firmly  chomiailly  combined.  The  quantity 
was  greater  than  iu  the  sertim  from  artGrial  blood,  bnt  smaller  than 
from  vonoug  blood. 

The  remarkable  observation  of  Bucunbr'  that  the  lymph  col- 
lected after  asphyxiation  is  poorer  in  carbon  dioxide  than  that  of 
»tho  breathing  animal  is  explained  by  Zuntz*  by  the  formation  of 
acid  immediately  after  death  in  the  tisaucB,  nod  especially  in  the 
lymphatic  gUnds,  and  this  acid  decomposes  the  alkali  carbonates  of 

tthe  lymph  Iu  part. 
The  secretions  with   the  exception   of    the   aalira,    in    which 
PflOgeb*  and  K0i.z'  foond  reapeclirely  0.6  and  Jjt  oxygen,  are 

»free  from  oxygen.  The  qnantity  of  nitrogen  is  the  same  as  ia  blood, 
and  the  chief  mass  of  the  gaacs  congiKta  of  carbon  dioxide.  The 
qnantity  of  this  gaa  i»  chietly  tlepondent  npon  the  reaction,  i.e., 
upon  the  quantity  of  alkali.  This  follows  from  the  auidyses  of 
PrtOtiER.*    lie  fonnd  lOf  carbon  dioxide  remorable  by  the  uir- 

»pnmp  and  54^  firmly  combined  carbon  dioxide  iu  a  strongly  aika- 
liue  bile,    but  on  the  contrary  6.6^  carbon  dioxide  rumovable  by 
the  uir-piimp  and  0.8^  firmly  combined  carbon  dioxide  iu  a  neutral 
bile.    Alkaline  saliva  is  aUo  very  rich  in  carbon  dioxide.    Asareiage 
for  two  analyses  made  by  I'FLUOEB  '  of  submaxillary  luiliva  of  a.  dog 
-     we  hare  37.5^  carbon  dioxide  removable  by  the  air-pump  and  47. -Ij^ 
chemically  combined  carbon   dioxide,   making   a   total  of  74.9^. 
,     KuLZ'  found  a  maximum  of  65.78l£  carbon  dioxide  for  tho  parotid 
I    BaliTa,  of  which  3.31;^  was  removable  by  tJie  air-pump  and  fj"i.47^ 
fc-waa  firmly  chaniically  combined.     From  those  and  otlier  statements 
■  on  the  quantity  of  carbon  dioxide  removable  by  the  air-pump  and 
chemically  combined  in  the  alkaline  secretions  it  follows  tliat  bcidiea 

I  •  Ber.  <i.  k.  HftcliK.  OdmIImiIi.  i.  WiwQBBob.,  Matb.-pljyc  EImw,   Bd.  2Jt, 

1871. 

*  Arbeiten  a.  d.  phj-siol.  AnBtali  xu  Lelpxt^.  ISTft. 

*  HertnanA'n  Handhncii,  Bd.  4.  Ttil.  3,  S.  86. 

*  PflagoT'a  Arc)j.,  Bd,  1. 

■  Zeiiwlir.  f.  Biolo^ie.  Bd.  23. 

*  PflQg.T'B  Arch.,  B<Id.  I  u.  8. 
'L.  e. 

*  L.  c.  It  iwous  u  if  Enh's  nmlta  wen  not  oalonlatad  §X  740  mm.  Hf, 
bat  ratbar  at  1  mm. 
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ooour  in  tlieni,  uHlioiigti  not  in  apprecltible  qnantitieB,  vhicli  i» 
anu[o(;aii8  to  the  albiiniitious  bnilit-K  uf  tJie  blood-senim  and  wfaic 
nut  like  faint  lUriilB. 

Tlie  ocLiI  or  ut  any  ntte  nori-iilkjiline  Becretinnti,  urine  and  mill 
contain,  on  the  oontmr.v,  consideralily  lefia  carbon  dioxide,  whicli 
nearly  all  removuhte  b;  tho  nir-piimp,  and  »  purtReema  to  be  looser 
combined    witb    the   Bodinm    phnsphate.      The   figurea  found  bj 
I'PLOnF.it  for  the  Lotal  iiuantity  of  carlran  dioxide  in  intik  and  uriHj 
are  10  and  18.1-10.7^  reep6ctive3y. 

Kir  alp'  hoK  niado  invfisti^ations  on  the  qnantitv  of  gis  in^ 
patliolnginiil  tntn^iidationR.  He  found  nnly  traces,  or  at  least  od1,t 
very  inaigriiticaiit  r|[iantitio»,  of  nxyfi;en  in  these  fluids.  Tho  quaotJtj 
of  nitrogen  wua  uhont  the  same  m  in  blo>od.  The  qnunttty  of 
carbon  dioxide  was  greater  than  in  the  ivrnph  (of  do^),  uiid  in 
certain  coscb  even  greater  than  the  btood  after  asphyxiation  (dog'e 
Wood).  The  tension  of  the  carbon  dioxide  was  greater  than  in 
vunoTis  blood.  In  exudations  the  qiinntity  of  curbon  dioxide, 
eH]>eoia1Iy  that  firmly  combined,  iacreuses  with  tlie  age  of  the  fluid, 
while,  on  tho  contrary,  the  total  qnanlity  of  curbon  dioxide.  aDd 
cepcciully  the  quantity  tlrmty  combined,  decreoBos  with  the  qaan* 
titj  of  pna-corpQsclea. 

II.  The  £xchaiig:e  of  Gob  between  the  Blood  oh' 
the  one  hand  and  Fulmouary  Air  and  the| 
TisHuei*  on  the  Other. 


Id  the  introduction  (Chapter  I,  p.  3)  it  vaa  stated  that  we  m 
to-day  of  tb«  opinion,  dorived  oapocinJly  from  the  re«earchM  ef 

PflOoer  and  his  pnpiU,  that  the  oiidationa  of  the  animal  boiiyfo 
not  take  place  in  tlie  fluids  and  juices,  hut  are  connected  wiihtlit 
form-«lenientii  and  tisauev.  It  baa,  it  ia  true,  been  shown  by  AUlJ 
ScHMinT'  and  rPLUGER*  that  oxi-Iationa  take  place  in  tliebioolM 
although  only  to  a  slight  extent;  hut  these  oxidations  depenJii^ 
aeema,  upon  the  form-eJementa  of  the  blood,  hence  it  does  not  cob- 
tradiot  tlie  above  atutement  that  the  oxidatioua  occur  excluairtiji" 
the  cella  and  chiefly  in  the  tiasuea. 

<  a  A.  BwaH.  Arch.  t.  Aaal.  o.  Pliysiol..  ISTSnad  I8?6. 
■  Bet.  d.  k.  "Hclia.  tiesolUcii.  d.  WissvnscU  .  .Math.-pliya.  Eliav,  BA  lA 
1667.  Mid  C«ntralbl.  f.  d.  weit.  WusniiJicli..  1867.  S.  £96. 
*Centndbl.  f.  d  mod.  WlBwnsclx..  1887,  8   722. 


THK  HKSPtnATORY  SXCHASGE  OF  OAS. 


5tt3 


The  giueoiis  exchange  in.  the  liwiueif,  wliicli  liiw  been  tlMigimted 
inUinml  feapiniLioti,  coiuists  chiefly  in  that  the  oxygen  pas^ea  from 
the  bloQil  iu  the  capillaries  to  the  tiseneri,  while  the  chief  bulk  of  the 
(»rboD  diuxide  of  (he  tissues  origiuat^ts  therein  and  purees  iutu  the 
l)loo(t  of  the  cajiilluries.  The  exchuiigo  uf  gtui  in  the  lunges,  which. 
ii  called  cxtcrtiul  ruiJiMrutiou,  cousietii,  as  wv  l\iara  by  a  uoiiipariKOU 
of  the  inspired  aud  expired  uir,  in  the  bloud  taking  oxygen  Iroin  th« 
air  in  the  lungs  and  giving  ofl  curbon  dioxide. 

What  kind  of  proceceos  tuke  purt  iu  thiti  double  exchange  of 
guV  Is  the  gEi84JOU8  ezchauge  simply  the  result  of  an  uuequal 
tension  of  the  blood  ou  one  side  and  the  air  in  tlie  Uings  or  Uiuines 
un  the  utiiur  ?  Dci  the  gases  putis  from  u  place  of  higher  prestture  to 
one  of  a  lower,  according  to  the  lawe  of  difluBiou,  or  uro  other  forces 
and  proceesos  actiro  Y 

7  hcse  questions  ai*e  closely  related  to  another  qnet^tion  as  to 
the  tension  of  the  oxygen  »nd  <>urboii  dioxide  in  the  blood  and  in 

^tbe  air  of  the  lungs  and  tissues. 
Oxygen  ourtirs  in  the  hlmid   in  a  disproportionately  large  part 
gBOxyhiBinoglobiri,  and  the  luw  of  the  ditisociation  nf  uxylia^njogtiibin 
b  of  fuudanienUil  iinpurtana*  in  the  study  of  the  tension  of  th& 
oxygen  in  the  blood. 

If  wu  recall  tliat,  ftccordinif  In  llonn,  wlint  wc  gonrntlly  cm1\  nxybmtau- 
'iflobin  i«  II  iiiiitiirn  (if  li»-i\iiif{li>liin!>.  wliii'li  Tor  nan  ainl  tli«  same  axvi^eD 
pnt»tiRi  cull  uulti'  wUli  diflcrtjiit  r|u&[itlti«a  of  oxyKfii,  mid  utwo,  u»  sbutvn  hy 
KHUiPRtKD.  ttmt  tliere  «xUV).  IxHltJes  tL>-  oxylimtitiitcli'lJin,  lulllth^r  di3»>ii.'int>l» 
vxjwea  cuiiiliitintiixi  of  lia-uio^'lniiin.  liAtuely,  pHvLi(liilia!>ii4i|;liit>iii,  it  luir-nis  tliat 
w«  hnvo  several  iiriiwrtuni  itrviiiiiiDarj  (iiie*<Tii)ii!i  lo  jtolre  bi'foru  we  c'lf  t'l  b 
(ll»44~ii8Hinn  iif  (lit-  uihKiH'iation  (^untlUJiina  ol  DXjrliiFiiii>Klnliiu.  .\n  tiio  aimva 
iilati.-iii>-iii«  mjc  \o  pnrl  (■■■ritr>iliric(l  unit  in  pari  not  Ktillii-ieiitl;  prurtiii,  mini  oh 
fclsn.  BCi-iinlinE  ">  ilili-NKR,  in>  iliffrrfiioii  (.-xiistii  Ix-tweiMi  n  <ixybieiiti>tfluljlu 
solution  Rutl  n  )»iliiti»n  of  Uloud  curjiiinclt!*  in  nynni  to  its  duUvi-rir  of  oxv^n, 
we  ATf.  Jiii^iifiM  in  .t<>tltii^  iKp  above  stsLemcnLi  a-<iili>  for  the  [>re»vDt  and  ua\y 
laklnjc  up  tUv  t;«ii»ri>lly  acc«|i(«<d  and  aatliortia:iv«  uBKcrtiKiU). 


I 
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For  the  uuderBtanding  of  the  hiWB  Tiy  whieh  the  oxygen  \a  taken 
up  by  the  bloo'l  in  the  alveoli  of  the  lungs  the  invostigatii>ns  un  the 
diesociution  of  oxyhRmoglobin  are  important,  and  eiipecially  those 
which  lelute  to  the  dissociation  at  the  tenipenittire  of  the  body  are 
of  great  jiliysiological  importance.  Several  investigators  have 
experinteiited  on  thia  subject,  eajiecially  ().  IIC'knkb.'  lie  has 
proven  hii  irn|>iirl-atit  fact,  namely,  that  a  freelily  prepared  snlii- 
tiou  <>t  }Kire  oxyhajuioglobiu  crystals  does  ntit  act  nnliko  freshly 


'      <I>a  Boie-Heymond's  Arob..  1890. 
*e«reheii  ou  tbiH  tubJiMn. 


UQfiwr  hen  gives  al«a  liis  older  re- 
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de1ibrinat«d  blood  aa  regards  the  distioctatioii  r>f  oxylisenit 
He  also  KhDwtKl  that  tlie  clissociatioti  \i  dependeut  tijion  the  coocv^ 
traltoa,  iminely,  tliat  at  a  given  pressure  u  dilate  solutioa  i»  dior 
strongly  di^ociated  tliau  a  more  concentrated  solutioo.     He  fonnd 
for  Holatioos  uoataJning  144  oxyliEeuioglobiii  that  the  dissociatioa 
ut  4-  35°  C.  and   an   oxygen  partial  pressnre  of  75  mm.   Eg  was 
only  rery  insignificant  f\.xi<{  only  little  stronger  thsa  witli  a  partial 
pressure  of  Ib'i  mm.      In  the  first  instance  96.89)(  of  the  total 
pigment  was  present  as  oxyii»nioglobin  and  3.1l#  as  bsmoglobiii. 
while  in  the  other  case,  at  lo'-i  mm.  pressnre,  the  respective  fignm 
were  98.42  and  1.58J.     The  dissociation  becomes  stronger  fint 
with  an  oxygen  partial  pressure  of  about  75  mm.  Ilg  nnd  dowo- 
vui-ds,  and  a  correspondiog  increase  in  the  qnantitj  of  rednoad 
ha'rnog:lobia;  bat  even  with  an  oxygen  partial  pressnre  of  50 min. 
Ug  tiie  quantity  of  liseinoglobin  was  only  4.(i{  of  the  total  pignoot 

From  these  and  older  reseaa-hes  by  IIufker  '  which  were  nuds 
at  35  or  UO"  C.  it  follows  that  the  partial  pressare  of  the  oijjn 
m»y  be  reilnced  to  one  half  of  the  atmoHpheric  air  without  inBa8D^ 
ing  meentially  t)ie  C[iiaiitity  of  oxygen  in  the  blood  or  a  corrcspoad* 
ing  sohilion  of  oxyh  moglobin.  We  can  al*j  conclude  from  the 
<]uautity  of  oxygen  or  oxylnmnoglobiii  in  the  urteri:i]  blood  that  i\» 
tension  of  the  oxygen  in  the  arterial  blood  must  be  relatively  higher. 
Based  on  the  invetitigatiaiiu  of  several  experimenters,  sacti  u 
P.  Bekt,'  Hertkk,' and  IIDpxkk,  who  experimeatod  partly  od 
living  animult!  and  partly  with  hiemuglobin  solatioDs,  we  genersUv 
consider  the  tensiou  of  the  oxygen  in  arterial  blood  at  the  tcrapen- 
ture  of  the  body  equal  to  au  oxygen  partial  pressure  of 
mm.  Ug. 

We  must  now  compare  these  Kgnrea  with  the  tension 
oxygon  in  the  air  of  tho  lungs. 

NtimcroaB  invostigatioDs  as  to  the  composition  of  the  inapind 
atmoepheric  air  us  well  as  the  expired  air  are  at  hand,  and  veou 
say  tliut  these  two  kinds  of  air  at  0°  C.  and  u  pressure  nf  7M 
mm.  Ug  hare  the  following  average  com|>uailion  in  voluBie  per 
cent: 

OXTRMl. 

Atii>iM|>L»rIc  sir 20.M 

E^lfirwd  ftjr 16.08 

■Ue. 

*  Paul  Elert,  La  pre  slon  liuomftriqae. 

*  Zoitsclir.  f.  ]>h7BioI.  Cbpm.,  Bd.  a 
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Tho  partial  pressore  of  tlie  oxygen  of  the  atmoepheric  air  corre- 
sponds at  a  normal  barometric  pressure  of  700  mm.  to  a  pressure 
of  l'>y  mui.  lig.  The  Iosb  of  oxygen  whicb  tbe  inspired  air 
safTers  in  respiration  amountB  to  ubout  4.1)3;^,  wbilo  tbe  expired  air 
contains  about  one  hundred  times  aa  much  oarbon  dioxide  m  tbe 
inspired  nir. 

The  expired  air  Js  therefore  a  mixture  of  uWeolar  uir  with  the 
residaeof  inspired  liir  remaining  iu  the  air-jiutisuges;  hence  in  the 
study  oF  the  guseous  exuhauge  in  tbe  lungs  wu  must  iirsL  consider 
tho  alveolar  air.  We  have  uo  direct  li^termiualiou  of  the  cvuipuei- 
tion  of  tbe  alveolar  air,  but  unly  ttpproxiuiatu  culcubitious.  From 
the  average  ruttnltu  found  by  VlKltouDT'  in  nurjiiul  ret^pinition  (or 
the  carbon  dioxide  in  the  expired  air,  4.63jt,  Zcktz  '  liiifi  caluulated 
the  proluible  ({uantiLy  of  carbon  dioxide  in  the  alveolar  air  m  e<piul 
to  SA-ii.  ir  we  BUrt  from  tliia  value,  with  the  BssumpLioti  that 
the  quantity  of  nitrogen  in  the  ah'oolar  air  does  not  esfientially  differ 
from  tbe  ex|)irQtI  air,  and  admit  that  tlio  (jnuntity  of  oxygen  iti  ibe 
alveolar  air  iti  ^i  Uim  than  tlie  inspired  air.  we  find  that  tiie  alveolar 
air  contains  14.96^  oxygen,  corresponding  to  a  partial  presaare  of 
114  mil),  llg. 

We  have  several  direct  determinations  na  to  the  eomposition  of 
tbe  alveolar  air  of  dogs  which  show  tbut  tho  alveolar  air  ia  not  much 
richer  in  carbon  dioxide  llian  tho  expired  air. 

By  niimns  of  tbo  lung  i^atheter,  an  apparatns  constructed  by 
PplDgbh,  bis  pupiU  WuLFKHiiito*  and  NifsHBAL-M*  have  investi- 
gated the  eonipooitioii  of  the  alveolar  nir  of  dorr;).  By  tiiu  introdtic- 
tioi)  of  a  cuLhetor  of  a  special  construction  into  a  braucli  of  a 
bronchia  tho  corresponding  lobe  of  tho  Jung  may  be  hermetically 
sealed,  while  in  the  other  ]obe.s  of  tho  siinie  lung  and  in  tho  othor  Inug 
tho  ventilation  remains  unhindered,  so  that  no  stowing  of  carbon 
dioxide  takes  place  in  ifio  blood.  When  the  cutting  off  lusts  bo 
long  that  a  complete  equalization  between  tlio  gases  ot  the  blood 
and  the  cnt-olT  air  of  the  lungs  is  ossiimetl,  a  sample  of  this  air  of 
the  lungs  is  removed  by  means  of  the  oiitheter  nnd  analyzed.  ]n 
tbe  air  Uins  obtained  from  tbe  limgR  Wm.rPHRUO  imd  Nt:8auAi:]| 
found  an  average  of  3.{i<  CO,.    NrssrtAi'M  has  also  deterniicied.the 


>  See  ZCKT7.  iu  HiTtimnii>  Haiidbucb,  Bl.  4.  Tbl.  3.  8.  JOS. 
*  1lfrmaim-»  ilitii<;lt>iii:li,  Bd.  4,  TbI,  2,  8.  lOS. 
■  Pfln^er'a  Arch.,  Bdd.  ft  u.  6. 
•/6W..  Bd,  7. 
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cnrhoti-iHoxide  tension  in  tho  blood  from  the  rigfat  lieart  in  neon 
KiinnltiLneouH  with  the   catlictcrization  of   the   LniigB.     He  fo 
nearly  identical  results,  Dainoly,  u  carboa-dioxiile  teoaioo  of  3. 
and  of  A.mik  of  an  atmosphere,  which  aJso  eboirs  that  eomp 
equalization  bettreen  the  gases  of  the  blood  and  Inngs  in  the  eno! 
piirts  of  tbe  lungs  had  tnken  place.     According  to  these  inveiti^- 
tions  a  cousidcrablj  higher  oxygen  partial  proasurc  exieta  id  the 
alveoli  of  tho  Innga  thnii  in  the  blood,  and  the  inking  np  of  oxj;^ 
from  the  uir  of  the  luDgs  is  probably  according  to  the  law  rf 
difTiiaiou. 

According   to  lltiim'  ti)e  fiiota  are  otherwise,  and  the  Inap, 
according  to  him,  are  active  in  the  taking  np  of  oij'gen. 

11«  vx  I  •crimen  te<l  t>n  Aogn,  billowing  thn  blnod,  wlioiw  cnagtilxtion  bad  I 
|)rp«vn'<'j  ti.v  tlip  iajccliou  ol  p^pt^nw  solution  <ir  infusion  of  tb«  lo*ch,  t" 
from  ntiM  tjisecied  curotld  to  th«  oibcr,  '>r  (roMi  titu  feumral  ^ti^ry  t<i  tltc  ir\f» 
v«iii,  tbriJUifU  ou  apparatUH  uillud  b)'  bliu  an  bmustnerouietpr.     Tbe  apjiaraia^  ' 
wli  cb  is  H  tiKiiliriL-xtiiin  >>f  Li'KWUi'h  rbpnmvler  (atrt>inithr),  ■llowtNJ.  aoonnlag 
k)  UuuK.  of  s  coiuplute  iuicrcbaiigu  bi';wfcu  Llio  itases  ol  ibe  blmxl  dmibiiBi  __ 
tUrou^b  tb(<  Bppariiiits  and  a  qiiuuiitjr  of  gas  wlioM  oxupositiuo  wa^  kiwvijH 
at  tbe  beginning  or  tbr  cxjinriiiifint  iind  raeltMWcl  in  lh«  «|ipnralafi.     'nHiaifr^S 

tarv  uf  ^aspit  was  atiutyxvil  aftur  an  v*) iiallzai ion  uf  ibo  gMm  bf  diflusi b 

tbi»wBv  tliBtciiHton  of  till!  i>x.vg«n  mill  CArUtn  dioxide  In  tbftcirralat)Di:anerlil 
bliHHl  u'H»  ili-li^riiiinciil.  I>urui)|;  tho  exnuriuii^iil  tliu  ciiiii|>i>siti<>n  of  ibc  Ii«pi|f4 
and  expired  air  was  also  determined,  tlie  nutabcr  uf  in>))irutionAD<)iMl.a&4lli'' 
cxtiTiii  [jf  r'-:<]>i rat4>rj'  •■xi^]inn>,^<'  of  gas  mMUun-d.  To  Vm  ablo  i^i  oontpurAbf- 
t'\c'-n  the  griH  l«ciiiiou  in  iba  bl<H>d  and  in  an  t-x|iinititiu  air,  wbuan  oocnpnaitMa 
wan  oLoavr  to  tbe  utikuuuru  cum  position  of  tUi*  iihe-'lar  nir  tbai  Ibe  otiiawj 
expired  air.  tlie  compoHition  i>(  tbe  expired  air  Bl  ilm  moment  It  j«a»<l  «»• 
bi fti rral ioD  of  tbn-  Iractira  vrat  a«ciirlnii>fd  hy  npccial  ralculatiuo.  Tlie  lr*<4<iii 
of  ibf  g-i»i's  in  tbiit  '  bifiircalJ-d  air'VuiiUI  be  i.'oiii]iaFPd  will)  ib«  tensiop  u(  ib» 
gascH  of  llio  blood,  wid  iu  »ui:b  u  wa;  that  tb«  coiuparitwn  in  both  caaw  ><^ 
till'  twnir  time. 
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BoHK  foDud  remarkably  high  results  for  tti«  oxygen  teiifiM 
arterial  blood  in  thia  series  of  experiment.     They  varied  b«t»WD 
101  and  14-1  mm.  Hg  pressure.     In  eight  out  of  nine  cxporinie 
ou  tbe  breathing  of  atmospheric  air,  and  in  four  out  of  fire  ei 
meuti  on  breathing  air  containing  carbon  dioxide,   tbe  oiv 
tension  in  tlie  arterial  blood  wai4  higher  thua  the  "  bifurcated  lir. 
Tbe  greatest  difference,  where  the  oxygen  teiuiion  wh  higher  iu 
blood  thau  iu  the  air  of  the  lungs,  was  38  mm.  Hg. 

According  to  UoiiR  we  cannot  simply  explain  tho  taking  op 
oxygen  by  the  blood  from  the  air  of  the  lungii  by  a  higher  ptfiii 
preuure  of  the  oxygen.     The  difference  in  tension  between  llie  t«u 
aides  of  the  walla  of  the  alveoli  may  therefore,  according  to  lii*". 
not  bo  the  only  forov  which  serTW  in  the  uiigration  of  tiieoi/gu 
■  Skaiid.  .^rcb.  f.  Pliriful..  Bd,  3. 
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through  the  lung  tiflsue,  ami  the  langs  themaelree  mnst,  ncconling 
to  HoDR,  eieroise  an  niikrtowii  BpeoiHc  action  in  the  taking  nji  of 

IIOpner'  has  made  the  objection  to  Honit's  views  that  in  the 
eippri mental  comlitions  efltiihllfihed  by  Hoim  t('e  e<5nilihriiim 
between  the  air  in  the  appanitu.i  iiiid  the  giisetj  cf  the  bloml  hud  not 
probably  set  in.  FtttiiRUiCQ*  bus  vAnn  come  to  the  eame  ooncUision 
by  expcrimentfl  with  iinroiigiihible,  liriiig  arterial  dog'a  bli>od, 
allowing  it  to  flow  through  nn  aerolonometer-tnhe  (see  Tension  of 
Carbon  Dinxide),  whereby  a  very  slow  rliffiiHiofi  equalization  took 
pliu'e  between  tlie  giiHen  of  the  <;in;nl»tirig  lilootl  itiiil  the  air  enclosed 
in  the  tnbe.  W!ien  the  orifrinal  pnrttul  pressure  of  the  oxygen  in 
the  af-rotonometer  atmosphere  wjw  very  low  or  very  high  the  diflii- 
«ion  eqiiilibrinni  WHS  not  loanhcd  iiiaiileof  an  honr.  FKRhKRit^Q 
alM  found  that  tlic  oxygen  tctwion  in  arterial  peptone  blood  of  the 
dog  remained  always  Bcveral  per  cent  of  an  aimosphere  helow  the 
partial  prcaaupc  of  the  oxygen  in  the  air  of  tho  lung  alveoli.  We 
haTe  therefore  no  Butlioient  ground  to  abandon  the  present  generally 
accepted  view^  that  the  oxygon  is  taken  np  in  the  Inngs  simply  by 
diffasion. 

A»  tli«  li«riiof;l(ibin  ubutintKl  frum  dllf«r«Tit  blood  portiiini  iIom  nut,  Koonrcl- 
ing  to  BofiR,  always  take  up  tlie  same  quaniity  of  ozyKPn  for  eacti  gracnnm, 
an,  acc'trdiii);  1<1  bim.  tlio  lia)rDci;;labin  witbia  lliB  blouu-eorpUHClfl  maj  show  & 
•iuiilHr  bi-liiiTior.  lii*  cnll:«  tIrL-  ijunntitr  of  nxv^on  (mrasuni'l  nt  0*  C  am!  700 
njiii.  11^)  irliicli  in  uiki-n  up  liy  1  arax.  liMmiiii;liii>iti  nf  tbn  I>l<ii)d  at  15*  C,  aud 
an  oxygvD  iirmtwure  ur  150  mm.  ili«  »pf.c(fio  QXtrsm  capneily.*  Tbi»  tiunnttt}'. 
aircnrding  tn  liorm,  may  bu  ililTorent.  n<iL  onl/  in  ililTiTi-nt  itidividuala. 
but  al»i>  lo  tlie  illfTiTHlit  VBuriilar  HvHh-luH  o(  tbe  Brixii'  aiiiniil,  ntid  it  inaj 
also  In)  c)iaiig«d  eX7>«rluieiita!ly  hj  l>l«eiilDj[,  breaiLioK  ulr  dutjck-ui  In  oxyefia, 
or  pnlsonltig.  It  Ih  tuivr  cvi'lcnt  that  otie  and  the  name  quaiitUy  <^f  ttiKf^n 
JD  lh«  blond,  atbcr  (liinjipi  bring  ctjual,  mutit  bavc  a  diffvrput  teiinian 
acotrdiDg  lnllir>  •|ipdlic  "lygrn  traiiarity  in  gnjalpr  or  umallur.  Tb»  teititioti 
of  tb<'  ox'jrcri  may,  nortiding  t^  Hour,  I>c  changed  withcmt  chanffin^  lb« 
tjnaiititj  iif  i>xyR'i*n.  and  (b<-  animal  Ixidjr  iniiit..  anci)rdin|{  to  bliii.  liav« 
uifans  of  vurTli'K  tlie  t<Hi»i»u  of  llie  <)Xj);<>h  iii  tbv  liNsufB  in  a  sbnrt  lim* 
uitltniit  cliaii^intT  tli«  quantity  of  osy^ri  coiitained  in  th«  blood.  Tln-v  great 
imt>ortaiice  of  sucli  a  proporiy  of  tb«  tiHU>a  for  rwapiralion  is  evident;  but 
It  ta  p»rlia|iB  too  caily  to  givo  a  piiaitive  opinion  on  IJuhk'a  Hiaiomeola  and 
expurimcnt;i. 

It  is  to  be  inferred,  from  the  above  statements  in  regard  to  the 
tension  and  diadociatioii  of  the  oxygen  of  t1ui  bloud,  thuL  the  quantity 
of  oxygen  in  the   btood  is   not  essentially  dqiendent  npon   the 


*  Dn  BiiiK-RuviiiDnd's  Aroh.,  1890.  S.  lOi 

•  tVntrall.l.  f.  Physioli.git,  Bd.  7,  S.  83. 
•Centralbl.  f,  Physiol,,  Ud.  4,  fi.  3M. 
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qoantity  of  oxygen  in  the  air,  at  leoAt  within  certain  limit*. 

in  fact  iit  the  cuae. 

That  the  raiiiing  of  the  oxrgen  preaeure,  eren  to  a  proesurei 
one  atmofiphere,  has  no  eao^ntiat  inflaeitce  on  tbe  quantity  of  oxTgn 
taken  np  ftui]  on  the  cftrWn  dioxide  eliminated,  ha*  heeri  Itnowo  for 
a  long  time  (liAVoistER,  Hkon'aim.t,  and  Keiskt').  Forthw 
experiments  in  this  direction  Iiate  heen  made  br  Paul  Brrt.*  JU 
found  that  in  pure  oxygen  at  a  prftssure  of  'i  atninai there*,  or  in 
ordinary  nir  at  a  presunre  of  l.l  atmoaphtirea,  animals  qiiicklr  died 
with  conTulsionfi.  Before  and  during  the  Bpasnnt  a  lowering  of  tein- 
peratnre  took  plare,  and  the  conBumption  of  oxygen,  ag  well  w  lb* 
eliminutioD  of  carboti  dioiide  and  the  combustion  of  tbe  eagaref 
the  blood,  was  lowered.  By  raiaitig  the  oxygen  preeaaro  of  the  air 
to  :)  atniogpIiere«  the  qnantity  of  oxygen  contained  in  the  blond  ii 
somewhat  increased.  It  seems  that  the  qnautity  of  oxygen  Thicb 
ia  here  taken  np  corresponds  to  that  quantity  which  ts  tiWfU 
absoi'bed  by  tbe  blood  at  that  pressure. 

It  ia  also  of  special  interest  to  know  to  what  extent  the  partiil 
pressnre  of  the  oxygen  of  tlie  air  can  be  lowered  wittioat  causng 
ftuy  injurious  action  or  danger  to  life.  A  great  many  obeerratiou 
}iavo  boQU  made  on  this  subject,  partly  on  man  and  partlr  on 
nnimats.  It  folluwa  from  these  observations  tliat  Uiiti  limit  mv} 
undergo  oonsidcnible  variation.  In  human  beings  it  Hcems  tolw 
Bomowliat  higher  than  in  certain  aniniaitt,  the  rabbit  for  exarnpl«. 
P.  Reri'  *  found  on  experiments  on  himself  in  diluted  air  that  ■  gu 
mixture  with  11.^^  oxygen  ciui&L'd  ^eriona  di:<turhance.  LKitu:cc'j 
found  nodifficolty  in  breaUiing  uircoutjiining  15.35t,  hutwitbl'-i 
oxygen  ho  felt  dizzy,  imuneated,  and  faint.  Tbe  seronants  Hivi 
and  CitU(.'K-Si>[Nei.Li  *  died  at  an  air-preasure  of  360  mm. 
corresponding  to  7.2^  oxygen. 

The  stutemeote  of  I^oewt*  are  of  si»ecial  interest  in  regard  tt' 
breathing    nnder    diminished    oxygen-presenre.       In    the  penoD 
experimented  upon  the  minimum  alrunlar  oxygen-tension  Bufticieot. 
for  the  normal  pniceswii}  of  nietaboliani  was  c<iual  to  40-45  DtW-i 
Hg,  which  acooi-ding  to  HOFSica's  table  corresponds  to  a  miiltt*^ 

'  S<M)  UoppP-S«.TlM.  l'hT»iol,  €liom..  &  S49. 

•  Ij»  [ir«S3ion  liaroiiifcriqiic,     Paris,  1878, 

•  J-  c, 

•  Ciwd  (toiu  P.  D«rt.  \m  pression  bammitrlqsa. 
*Ciied  fMiii  H<}])i>'-  Se.vlvr,  Pbyeiol.  Cbem,.  8.  S  u,  6tf. 
'PdOgt-r'a  Arcli.,  Bd.  ik8. 
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of  about  U4^-oxj]mtiuogIol)in  uml  V,%  ha->mnglobiii.  This  nnnimtitn 
aWeolar  oxygou-tousioii  miiT  ho  rBached,  according  to  IjOktty,  with 
different  fjiiaiititieaof  oxygeu  iu  the  inspired  air  hy  changing  the 
breathing  mecbaui&ma.  By  greatly  iucreutting  tbe  quantity  of 
iiupired  air  in  u  unit  of  time,  u  by  a  deepi^r  in8{iir«Uou,  the 
alreolar  oxygen-tension  may  ronuin  constant  or  even  be  increaMd, 
naniely,  on  lowering  the  oxygen-teiiftioii.  Thuo  Lokwy  obaerved  ia 
tkti  experiment  an  nlreolar  oxygen- touKLOu  tif  41. 'J  mm.  Ilg  with 
VZ-'lfi  oxygen  in  the  iiid])ired  uir,  (i.  14  liEreii  respired  uir  per  minute. 
and  392. f(  c.  c.  tbe  volume  of  each  inspiration.  In  two  other 
experiQientii,  where  t)te  volnmo  of  the  rospirod  air  wim :(!  .4  itnd  'Mi.9 
litTM  per  minute  wich  TS5  and  972  c.  c.  for  every  inspiraliou,  the 
alriwlar  oxygen- tension  was  43.9  and  43.4  mm.,  with  7.622  and 
l.'-i'iii  oxygen  in  the  inspired  air.  Lowering  tbe  alreolar  oxygea- 
tentfiuii  to  the  linut  4U-4u  mm.  cauiteil  uo  change  on  the  breathing 
meuhuiiisnid  and  did  not  corresfiondingly  change  tbe  respiratory 
quotient.  Below  this  limit  tbe  gti^eoiia  exchange  is  so  changed  that 
the  eliinitiHtioti  of  carbon  dioxide  as  comjmrod  with  the  taking  np 
of  oxygen  increase?  and  the  respimtory  qnoticut  is  correspondingly 
raided. 

Iti  r«rtaiu  auiauUei  tbe  limit  iwema  to  be  lower  than  with  human 
beiug«.  W.  MClleb.'  Fkieula^jdes  and  llKRTKit'  noted  this  in 
rabbits.  With  7-'*^  oxygen  in  the  inspired  air  a  utrong  dy»pna» 
occurred  in  tbeciperiuieuts  of  Krikdi.anukb  and  IlJiitTEK.  butthe 
ftuimol,  which  breathed  under  a  htrgo  receiver,  did  not  die  until  i^-% 
hours  after  the  iiuantity  of  oxygen  bad  sunk  to  'i.l~'-i.>i-i.  iloppK- 
iJfitUKK  and  Steuoakuw  '  fouud  that  in  dogs  the  n.-!jpiratory  move- 
ment stopped  wbeu  tbe  quantity  of  oxygen  Ju  the  respired  air  had 
sunk  to  X!)i2<(,  and  Mkrt  found  in  cx|mi*imont6  on  difTerent 
animals,  including  froga  and  birds,  tliat  di-uth  occurred  when  the 
quantity  of  oxygen  was  from  l.H  (in  frogs)  to  4.4^. 

In  regard  to  ttio  quautity  of  oxygon  in  tbu  blood  at  lower  air- 
presfiurog,  tlio  observatiuns  of  Fu.iNKt^i.  and  (lErrEitr'  on  doga 
must  bo  Dieotioued.  At  aa  oir-pressuro  of  410  nuu.  mercury  tbe 
quantity  of  oxygen  in  tbe  ortflriol  blood  was  normal;  at  an  uir- 


<  W[«D.     SitKunfTMber..  Bd.  SS.  and  Annal.  <].  Cbem.  u.  ['h&rm.,  M.  108. 

'  Zei1«c'<r.  r  pliyaiol.  Chi-m.,  Bd.  3. 

>  FflQKerH  AnU.  Bd.  12. 

*  Cebvr  die  Wirkuuiirt-ti  der  vcrdnDtilea  l.ufi  suf  d«n  Oi-ginismus.   Derlln, 
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presaara  of  ^iT'S-IIBS  mm.  it  was  n  little  diminished,  ima  only  at  & 
iowt'rJDg  of  tlio  prossare  to  :100  mm.  waa  a  considerable  decmseof 
the  oxygen  obaerred. 

The  qnestion  how  it  ia  possible  for  nmn  anil  animals  to  lire  for 
fluy  length  of  time  in  high  itltitndes  with  a  dtminit^hed  oxT|%a 
preffiuro  18  iniportant  in  ihis  connection.  In  thia  rcgnrd  Viavlt' 
hti8  colleJ  attention  to  the  fnct  that  the  number  of  blood -corpasrln 
is  groator  in  sach  indivitltmlit.  Thua  the  llaoia,  ucconUng  to  hin, 
haa  uboat  \fi  million  hlood-corpnacles  per  cubic  millimetre.  Br 
obBcrvationa  on  himtiielf  and  other  persons,  ua  vrcU  us  on  animils, 
Via.i:lt  found  the  first  cfTect  of  living  in  high  altitndcs  is  a  con- 
fiiderable  increase  in  the  nninber  of  red  corpuscles,  which  in  hii 
own  case  nnionnted  to  ."J-H  million.  The  quantity  of  ha'mogloliin  ii 
on  the  contniry,  according  to  Viai'LT,  increased  onlv  in  narroir 
linnta  on  living  for  some  time  in  the  mountains,  but  the  bxiiio- 
globin  13  divideil  among  bo  many  more  blooil-corpnscles,  and  tliei*- 
fore  a  much  greater  (mrface  coince  in  coiitiict  with  oxygen.  Con- 
trary to  the  statement  of  VrAHhT,  MOn'TZ*  ha<t  foiiiiil  that  araon; 
the  aboTe-mentiotied  conditions  a  considerable  increase  tn  theqtiaa- 
tity  of  iron  nnd  lin-moglnbin  in  the  blood  takes  place.  KnoKB* 
found  among  the  influences  of  high  climates  a  coiisidctrabb  incruut 
iu  the  number  of  blood -co  rpiincleii  na  well  :i«  in  the  quantity  of 
hKHJOglobiu,  while  Kohppp.,'  on  the  contrary,  observed  a  dimitiulion 
of  the  latter  bosidett  a  great  increase  in  the  nnmber  of  bluoU-cc> 
pngcles.  Uhonarh*  liaft  obserreil  a  considerable  increase  in  th* 
qnautity  of  ha;moglobiii  in  a  guinea-pig  which  was  enclosed  in  a 
receiver  for  a  tvhole  month  with  a  diminution  of  pressure  corre- 
sponding to  a  height  of  :t(iOU  metres. 

The  tension  of  the  carhoii  dioxide  in  the  blood  hns  tieen 
determined  iu  different  wayis  by  PplCoeu  and  his  pupiU,  Woi.!"'* 
HEKO,'  Stb,\S8IH'R<j,'  and  Nr.ssBArM.'  According  to  the  aerotono- 
metric  method  the  blood  \*  allowed  to  flow  directly  fiviu  the  arlciy 


'  Compt.  rend.,  'Inmw.  III.  119  pt  114, 

•  C'ouipt.  rend,.  Tqnie  US. 

'Cited  fmin  MnLy's  JslirMbei..  Bd.  29l 

*  lUd-.  Bil.  S«. 

*  C'luipt.  rand.  Soc.  de  Biol..  1893,     Cited  from  CestnlbL 
Bd.  7.  If^Sa. 

•  PBUK«r'»  Arcl...  Bd.  6. 
WW..  Bl.  B, 
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Or  vein  tEirougli  agttuM  tube  which  c-ontaiu«iigM  mixture  of  a  known 
compositiou  If  the  tenajoii  of  tlie  i-Jirlioii  Jioiidp  in  the  blood  is 
greater  tbau  tbe  gas  mixtare,  thou  the  blood  gives  up  cM-bnu 
dioxiile,  wbile  in  tbe  reverse  case  it  takes  uj)  carbou  diuxide  fioiii 
tlio  gas  mixtnre.  The  analysis  of  tbe  gne  mixturu  after  pasdiag  Iho 
blood  through  it  will  also  decide  if  tlio  tensiou  of  the  curbou  diuxide 
in  the  blood  ia  greater  or  less  tliau  in  the  gtis  mixture;  and  by  a 
snfticieutly  great  number  of  dc-temiinatious,  esjwcially  when  the 
quantity  of  curbon  dioxide  of  the  giw  mixture  corresponds  hs  nearly 
US  jjoseible  in  the  bc-ginniiig  tu  the  ^K'uljablu  tension  of  thiH  gus  in  the 
blood,  we  muy  leuni  the  tetihion  uf  the  carbon  dioxide  in  the  bleed. 

Acconling  to  tliin  nietliod  the  curboii-dioxide  tension  of  the 
arterial  blood  is  on  an  average  2.S^  of  an  atmocphere,  correnponding 
to  a  presHure  of  tl  mm.  inerctiry  (STRAKSiit'iin').  In  the  blooil 
from  the  pulmmiury  alveoli  NrsRiiArM*  found  a  oarh4iii-iiioxi(In 
tension  of  •').K1^  of  an  titmoi^phero,  correHptitiding  tea  pree^iire  of 
SS.Dn  mm.  mercury.  .STRAHsiii'Bn,  vflio  experimented  on  trucheot- 
Omlzed  dogE  in  which  the  ventitatlnn  of  the  lung»  wuk  Ichk  active 
4nid  thorcforo  the  carbon  dioxide  was  removed  from  the  bloml  witli 
less  readinese,  found  in  the  venous  hlood  of  tlic  heart  a  carbmi- 
dioxide  tension  of  5.4^  of  an  atmrmpherc,  corresponding  to  a  piirt.tiil 
pro88ure  of  41.01  irni.  mercury. 

Another  metho<l  is  the  cattieterization  of  a  lobe  of  tlie  lunga 
(see  page  5!)5).  In  the  air  thus  obtained  from  the  lungs  Niisbbaum 
and  WoLPFBERG  fnnnd  an  average  of  Z.^^  CO,.  Nx:8SHAUM,  as 
previously  mentioned,  has  abn  determined  the  oarbou-dioxide 
tension  in  the  blood  of  the  pnlmonary  alveoli  in  a  case  simaltancons 
with  the  catheterization  of  the  liinga.  He  fonnd  nearly  identical 
resnlta,  numely.  a  carbon -dioxide  tension  of  3.84^  and  3.8lii. 

Hon  a  in  hid  experiment-*  above  mentioned  ^page  596)  has 
arrived  at  other  re-iults  in  regard  to  the  carbon-dioiide  tension.  In 
eleven  experiments  with  inhalation  of  atmospheric  air  the  carbon- 
dioxide  tension  in  the  arterial  hlood  varied  from  0  to  3S  mm.  ITg,  and 
in  (Ivc  experiments  with  inhalation  of  air  containing  carbon  dioxide 
from  0.9  to  57.8  mm.  Ilg.  A  comparison  of  the  carbon-dioxide 
tenition  in  the  blood  with  the  bifurcated  air  gave  in  several  coses 
a  greater  curbon -dioxide  prcanure  in  the  air  of  the  lungs  than  in  the 
blood,  and  as  maximum  this  dilTerence  amonnted  to  IT.*.!  mm.  in 
favor  of  the  air  of  the  lungs  in  the  experiments  with  inhalation  of 

'  I.,  c.  '  L.  c. 


ti()2  CRBMIBTRY  OF  RESPIRATION. 

atmospheric  air.  Aa  the  alveolar  air  is  richer  in  carboD  dioxide 
than  the  hifarcated  air,  this  experiment  anqnestionably  provM, 
acoording  to  Bohr,  that  the  carbon  dioxide  has  migrated  againit 
the  high  preaaare. 

Id  opposition  to  these  iDvestigatioDs,  Fbedbricq  '  in  his  abore- 
mentioned  experiments,  obtained  the  same  figares  for  the  carbon- 
dioxide  tension  in  arterial  peptone  blood  as  Pfltjger  and  bis  papils 
fonnd  for  normal  blood.  The  low  figares  obtained  b;  Bobb  for  tlie 
carbon-dioxide  tension  appear  remarkable  when  we  recall  that 
Obandis*  fonnd  in  peptone  blood  which  LARonsss'  and  Blach- 
STEiK  *  had  shown  was  poor  in  carbon  dioxide  a  high  carbon-dioxids 
tension. 

A  certain  importance  has  been  ascribed  to  oxygen  in  regard  to 
the  elimination  of  carbon  dioxide  in  the  lungs,  in  that  it  has  an 
expelling  action  on  the  carbon  dioxide  from  its  combi nations  in  the 
blood.  This  statement,  first  made  by  Holmgren,*  has  recently 
fonnd  an  advocate  in  WERiac*  This  investigator  has  made 
ingeoioQs  experiments  on  living  animals  in  which  he  allows  both 
lungs  of  the  animal  to  breathe  separately,  the  one  with  hydrogsQUid 
the  other  with  pure  oxygen  or  a  gas  mixtnre  rich  in  oxygen.  He 
invariably  fonnd  a  greater  carbon-dioxide  tension  in  the  air  sacked 
from  the  lungs  in  the  presence  of  oxygen,  and  he  draws  the  con- 
clusion from  his  experiments  that  the  oxygen  passing  from  the  long 
alveoli  into  the  blood  raises  the  carbon-dioxide  tension.  According 
to  WEitrao,  by  this  action  the  oxygen  is  a  powerful  factor  in  the 
elimination  of  carbon  dioxide,  and  therefore  it  is  not  necessary  to 
assume  a  specific  action  of  the  lung  itself  in  these  processes. 

ZuNTz '  has  suggested  important  objections  to  the  investigation! 
of  Werioo,  bat  they  have  not  been  substantiated  by  experimeat; 
hence  the  question  u  still  open. 

Also  in  regard  to  the  elimination  of  carbon  dioxide  in  the  lungt 
we  have  no  striking  reason  for  abandoning  the  common  view  that 
tlie  carbi)ti  iliuxido  dimply  passes  from  the  blou'J  into  the  air  of  the 
longs  according  to  the  laws  of  diSasion. 

'  CentralbL  f.  PliyBiol..  Bd.  7. 

■  Du  Bois-Reymond's  Arch.,  18&1,  S.  49S. 

•iftiW..  1889,8.  77. 

«/Wa,,1891.  8.  »M. 

•  Wien.  Sitzungsber.,  Math.-nat.  Kluse,  Bd.  48. 

•  PflDger'B  Arch.,  Bdd.  51  u.  62. 
'  Ihid..  Bd.  53. 
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From  what  has  been  said  aboTo  (pago  593)  in  regard  to  the 
mternni  reapimtion  we  ilerire  that  it  cotiaiata  chiefly  in  that  in  the 
capillaries  the  oxygen  pusBea  from  the  blood  into  the  tiasnea,  while 
the  curbon  dioxide  paases  from  tho  tissues  into  the  blood. 

The  assertion  of  Estok  and  Saint  Pikrkk'  that  the  qaantitj 
of  oxjgen  in  the  blood  of  the  arteries  dccroaacs  with  the  remotcneaa 
from  the  heart  Iiaa  been  shown  as  incorrect  bj  Ppluukk,'  and  the 
oxygen  tension  in  the  blood  on  entering  the  capillariea  must  he 
higlier.  As  compared  with  the  capillaries  the  tissnes  are  to  be  con* 
sidered  as  nearly  or  entirely  free  from  oxygen,  and  in  regard  to  tho 
oxygen  a  considerable  difference  in  pressnre  must  exist  between  the 
blood  and  tissues.  Tho  possibility  that  this  difference  in  preesare 
la  snflicient  to  snpply  the  tissnes  with  the  necegsary  qnantity  of 
oxygen  is  hardly  Uy  be  dnnlited. 

In  regard  to  the  carlinn-dioxido  tensioTi  in  the  tisstie  we  mnat 
BflBume  a  priori  that  it  iii  higher  than  in  the  blood.  This  is  fonnd 
to  he  trne.  STRAssnrnn*  fonnd  in  thp  nrine  of  dogs  and  in  the 
bile  a  carbon-dioxide  tension  of  0^  and  7^  of  an  atmosphere, 
TCfpectivcly.  Tho  same  experimenter  ha*,  further,  injected  atmos- 
pheric air  into  a  ligatured  portion  of  tlio  intcfltino  of  a  living  dog 
and  analysed  the  air  taken  out  after  some  time.  He  fonnd  a 
carbon -dioxide  tension  of  7-7;t  of  an  atmosphere.  The  carbon- 
dioxide  teniion  in  the  ti.<iniies  is  considerably  greater  tb.-in  in  the 
TftBonB  blood,  and  there  is  no  objection  to  the  view  that  the  carbon 
dioxide  simply  difFnsc«  from  tho  tisaaes  to  the  blood  according  to 
the  lavs  of  diffnaion. 


Tliat  a  truo  Rccreilon  of  gases  lyvnra  in  inlmala  follnips  from  the  or>inpoiit- 
lloD  und  lioliftvixr  of  tbo  f^mneit  in  llie  iiwiiiitiiiiiK*l>IiL<l<lei'  uf  ilsbia.  'I'Iimw 
gti.*ea  consiiit  of  os,vk«ii  and  nitrons  wiib  only  eiulLI  ((unDiitioi)  of  nrboo 
djniul«.  In  lish»«  wliicli  do  not  Ilvp  m  any  gretit  dcptli  tlic  i]'i«iiCit,T  of  ny^gta 
UordinuH)/  *«  lii^li  as  in  tlio  Htnii>spU>-m,  wliilti  tiolirM  wtiic;li  livfi  kt  grti^i 
dv)>tlj»  lusy,  woonlinff  lu  Riot  imd  olliere,*vont«iii  coiis'J'TnW.T  niwri-  oiy- 
grn  And  even  Kbovti  8(1  f,  Moiibait' has  al.t'r)  foTind  tlint  nTtcr  oiniitvmz  Tlin 
Nwitnuilnf^'li'litddr'r  bv  tii«iiii.H  <if  k  trur-ar  nrw  «ir  ri>lliM.-t<>(l  aftrr  u  lirnt',  iinii  tliia 
itir  wtH  rlflier  in  oxyK«ii  lliiui  !'•»  hIiu')(>i>)ii?i1c  nir  and  i-onlninnd  ovi-n  Srrf 
oXTgen.  B(iHK,*  wbo  iiaii  proved  uid  CAufinnod  theet)  siatmiioBUi.  al-o  found 
tUkt  litis  t'ollcction  la  under  tlie  iiillui>ricQ  uf  llio  uorvous  %jAVem.  bocauau  on 

<  Joum.  de  Tuiat.  de  In.  idiyslol..  Tome  2.  l^tftS. 
»  PflOger's  Arcb.,  Hd.  I. 
■PflllKDf's  Arch..  Bd.  6. 

«  »Kn  Hvrmann'n  lUndb..  Bd.  4,  ThI.  3,  M.  151. 
■  Compt.  FV'nd.,  Tome  57.  S.  37  u.  816. 

*  Joam.  ot  Fbysio).,  Vol  15.  Sue  alau  Hufoer.  Da  Bols-ReTmond's  A.i«Il, 
18t2. 
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tho  mmiifin  Df  c^naln  hrnnclitiHof  pneumoiraatrlc  oerve  It  is  disnmtitiDpd.  It 
■••  twvoiid  diA|ii)t(-  tliut  we  liave  li^rt-  a  sct-rotkni  and  not  &  diflattk'n  ot  osTgva, 

Several  metliodti  liave  been  sii^'geet^d  for  the  stu<]y  of  tli« 
qnantitattve  relationslii|)  of  the  resjjiratory  exchange  of  gaa.  ff« 
nmaL  refer  the  reuder  lo  other  lext-books  for  more  details  of  tlte» 
ineLhods,  uixd  we  will  only  here  meatiou  the  chief  truits  of  the  mod 
important  methods.  | 

Keusaijlt  nnd  Rkt^kt'i*  Hethod.  Ac^rdlDg  to  tliis  nipthixl  iltc  aniRul  or 
person  fXiKrinirniod  k\>"1\  w  ullowi'cl  to  Im-uvlif  in  on  encl<)*^nd  spare.  Tiitf  m- 
\)t»i  riiiivlcle  is  rcniovi-il  rruin  tlie  air,  iw  it  fonnx.  bv  Hinmg  cau^ik^  Mlkkli.  fraa 
wliich  till?  quMiLtty  may  Iw  di-loniiinw!,  wltllf  the  oiytrwi  '»  rBi>l*cf>l  crit.t)ii»> 
allv  by  exacllj  nivasurvii  qiiantitiea,  Tbls  nierliod,  wLkL  al»o  ntalies  |M«aiblt 
n  direct  ilultirml  at  ion  of  tlic  nxT^^en  uaeit  lu  well  as  the  carbon  <lloxid(>po- 
duced,  ban  siurc  t>L*(>D  iiKxlifleil  '>r  olbf-r  In Teetifralorv,  Buch  an  PFLVOUt  nJ 
bla  pnpila.  StKar.N  and  Nuwak.  and  Huri'it-SKViJtH.' 

PlilTKNKOKim'K  Mtlhoif^  According  tn  ttib  tn«thr-d  tbc  individual  to  he 
expfirim^TiLnl  iiiion  lirr'atlii'H  in  n  r<H>ni  I  Lroiigli  wliii  h  a  cnrrcnl  of  Btniiainli*^ 
sir  ii  pii-si-d.  Tlu-  quuiitily  of  air  pns<(«;d  lLmu)[b  in  can-fully  uirtwurMi.  Ai 
it  irt  im|iii8^ib1c  U>  unniyxc  all  tlio  nlr  mii<it>  m  pa^  tlin>iigli  iLn  clianbrv.a 
fltiiall  rrnrtioii  nf  tliin  air  i-<  divi^ried  into  a  Ijiuteli  lirif  duriiift  tke  cMin 
Viperliiictil,  cart-fully  meufliir^,  and  l1i«  ([uaiitliy  of  rarbon  dlnxriln  and  «IM( 
doiertoiued.  From  ibeoiuiptmiliooot  lLisairUn^i|uaiiliiy  of  wai^r  aoilntlM 
dioxide  contaiDi-d  jn  tbo  large  (]unntiiy  of  nlr  made  lo  pa&s  ibniUKb  ibe  tiuau- 
ber  can  li(>  calciilntnd.  Tin-  cnnminiplion  n!  nxy^n  cannot  i»»  dirm-ilr  d*l*T- 
loiiiL'd  in  tli'm  uiuiIiiikI,  but  may  bu  indiiuctty  by  diServiiee,  wliicli  is  a  <Mm 
in  tlila  nicib'xl. 

Spk(.'k'i<  MfVtod}  P'>r  brit-f«r  vxparirapiita  oo  man  Spktk  liaa  oavd  Um 
folluwiii);:  {]<•  lireatbet  Into  tvrg  )i|>!ruu)t>tt'r  rveoiverv  »a  tvliU-li  tLt-  ^as  volnu 
can   he   n-ad    ofT   vfry  Ai-<^i)racely.  throiJ|;h  a  mautljpirce   witli   i>io  val(«i 

ibrDOIEl)  cue  vn|v(-.  nnd  llio  i  ipirt'd  air  pas§pB  tlirouKb  tli»  "iber  i«ln  tin*  uUm 
BplTDnuXpr.  By  tiu-atmof  a  rublwr  tuba  conneelMl  with  the  expiratkin  tobr 
an  accurnK'ly  inrjiKiirfd  niirt  cif  ili<-  fxpirnd  air  may  bo  paaard  into  aa  ab- 
Korntion  tti  it<  nnd  aimhxinl. 

Zdntz.  aii<l  Uepi'KHt's  Mtlh'.'d.*  Tbls  uiotbml,  wblnli  baa  bvwH  impn-rol 
by  ZliKTK  and  bla  i>iiplla  Iroin  time  to  time,  niiuiials  in  tiif  following:  Tte 
iDdividiial  Iteiiit;  t.-xpv  mirnl>'<i  iipuii  iiiHiiircs  pun*  ali£iii8|>beric  nir  ibru«(iia 
very  wide  f^ied  )>ilie  leailiiif;  frmn  llioopcn  air.  the  inspired  and  liievtftnrf 
air  liptEig  auimraicd  bylw^rv&lvrH  [liunian  sulijt-ci'  bnrathu  with  cloat-d  0B« 
by  means  nf  a  soft  rubber  mnutbpii-re,  ■nimaU  chmngb  an  aJr-tifjbt  tnclMal 
eanubO-  Tbu  vatumu  nl  the  (.-x^irc-d  air  is  iiKiiaiirvd  i>y  n  iraB>mcter.  nd  ai 
aliquot  part  of  this  air  callrctcd  and  the  qiianilty  <'f  rarbon  dioxide  anil  nsy^ 
dftiTniiiird.  Ah  tlit;  coiiinf mition  uf  t1ii-  atinoaplitrrir  air  ran  tw  eonittdMnlw 
coiiMaiit  wiibin  a  xMT:aln  liniit,  the  pridui-itnii  uf  carbon  dinxldvaa  vrHlaitb 
ona.Hiiptli'D  uf  oxygen  may  l»  readily  calt^uiatud  (nee  tha  works  uf  %wmv^ 
bbi  pupils). 

HakBiuT  and  Rioikt'h  mtHuui*'  ia  rharacteriaed  by  lt«  altuplMty,    TbM 

'  In  regard  to  ibis  inet)>od  sre  Znntu  in  IltnnanD's  Bandb..  Bd.  4.  TkL  1> 
and  Hoppe-Soyler  In  Zfltaclir.  f.  pliy^tol.  rbeui.,  Bd.  [9. 
•8»»  Hunix.  1,  r, 
'  Br«'«)c,  Pbysiolocludes  luenschlicLien  AthtDens,     L«ip«ig.  1093. 

*  PdQs<'>''<t  Arch..  Bd.  42.  tk-e  mXw  Magniu  Ury  in  PflO^i's  Atc^l,  Bd.  SS. 
8.  10,  in  which  tlie  work  »f  Ztintz  and  bis  pupils  Is  eiUxL 

•  CMnpt.  rpnd.,  Tome  104. 
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lnvtmt\g»ion  nllow  the  mtiil  air  lo  jjilms  ibruDifli  ilirev  KiLM-mvl^ra,  one  kftvr  lliv 
otbvr.  Tlia  fir-l  tuv&surea  itie  iDspitwl  air,  wIinBo  coitifMwiiioo  Is  known.  'I'lio 
M<CAml  gnt-mt<U-T  nir-uAiirp»  ttip  ixpirrd  nir.  and  t]j«  tliLnl  ibe  quantity  or  t1i» 
rxpirrd  nir  aftrr  tlin  cBrlmri  (li'>xiiln  liim  liiwn  n>movri)  by  a  Hiiltable  a;)pa- 
ntu».  Till*  quaciiitynf  carbon  dioxidn  pniiluc«d  aud  iLc  oxygen  eoosumed 
can  t>a  readily  calculated  from  tbeoe  dalA, 


Appendix. 

Th«  Langt  and  tli«ir  ExpectorationB. 

Bosides  prateid  frtflten  aud  the  alfmminnids  of  tbo  oonnecttre 
suhstaiice  grouii,  let^ii/iin,  faurin  (oflpecially  in  ox-luii^),  uricitcidy 
and  inoait  liavc  been  foniid  in  tho  lungs.  I'ori.i'n''  clainia  to  ImTe 
found  a  special  acid,  which  ho  haa  callod  pu  I  it  lo  tartaric  acid,  in  the 
lung  tiaane.  (Jlyoogcn  occurs  abundantly  in  tho  embryonic  lung, 
but  \i  nbacnt  in  the  adult  lung. 

Tlifi  black  or  dark  browu  pi|i,'mF^iit  In  tho  lun^^s  nf  bumaii  beinf^s  and 
doin«<«iic  aninialH  roniiialii  cliii-tly  iif  mrlfin,  vbicli  ori^inutoH  frntn  the  sodI  in 
tbeair  Tbo  |jit[:Hciil  iiiMy  In  |iurt  alw)  vuDnKit  »f  tavlanio.  Riptides  tarlKill. 
ot1i«r  hodli-H,  niicli  aA  inui  ostde,  Htllclc  ackl,  and  clay,  tuay  Im  dejinsltod  in  ihi* 
lanfpi,  beiDj[  iubaled  as  daat. 

Ainonp  the  "hrxlies  found  iti  tho  Innga  tinder  pathologicul  coiidi- 
tiou8  wu  uiudt  specially  meutiou  albumoses  and  peptones  (iu  pueu- 
roouia  and  suppuration),  glycogen,  a  faintly  dextrorotutory 
carbohydrate  differing  from  glycogen  found  by  I'oucaET'  iu 
couisumptivea,  ami  linatly  also  ccUulodet  whicli,  according  to 
1''kel'xI','  occurs  in  the  lungs,  blood,  and  pus  of  persons  with 
tuberculosis. 

C.  W.  Schmidt'  found  in  IWCtgrms.  mineral  bodies  from  the 
normal  human  lung  the  following;  \rCI  130,  K,0  ly,  Na,0  195, 
CaO  19,  MgO  ly.  Fe,<J.  \\t,  I\0.  4H5.  SO,  8,  und  sand  VH  gmis. 
Accordiug  to  Ojutmann  '  the  lungs  of  a  14-d»y-old  child  contained 
79(i.U5  p.  m.  wat«r,  199.19  p.  m.  organic  bodies,  and  5. 76  p.  m. 
inorganic  bodies. 

The  espectonttioD  is  a  mixture  of  the  mucous  secretion  of  tho 
Tespiratury  pH&iiageK,  of  saliva  and  buccal  mucus.  Because  of  this 
its  cotnpoflition  is  very  variable,  especially  under  pathological  con- 

■  Cllfd  froiti  MklyH  Jnbnubsr..  Bd.  Itl.  S.  348. 

•  f«iiji.t.  rpiiil,.  Ud.  &6. 

«  \Vii.ii.  incd-  Jahrb..  1880,     Clk'd  (mm  Maly'ii  Jalin-«b«r.,  Bd.  1«.  8.  471. 

*  Clled  from  v.  Oorup-Beaanas.  LeUrbucb.  4.  Anfl..  S.  787. 
•JMdL,&78S. 
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ditions  when  rarions  prodncts  mix  with  it.  The  chemical  constiU 
nents  are,  besides  the  miueral  Bubstances,  chiefly  mncin  with  &  httU 
proteid  and  nnclein  sabstance.  Under  pathological  conditiou 
albumoses  and  peptones,  volatile  fatty  acids,  glycogen,  Chahcot'b 
crystals,  aod  also  crystals  oi  cholesterin,  hsematoidia,  tyrosin,  fat, 
and  fatty  acids,  triple  phosphates,  etc.,  have  been  foand. 

The  form  coostituents  are,  under  physiological  circumstances, 
epitb el iam -cells  of  various  kinds,  leucocytes,  sometimes  al^  red 
blood-corpuscles  and  various  kinds  of  fungi.  In  pathological  cod- 
ditions  elastic  fibres,  spiral  formations  consisting  of  a  maciu-like 
sabstance,  fibrin  coagulum,  pas,  pathogenic  microbes  of  variooi 
kinds,  and  the  abovermeationed  crystals  occur. 


CHAPTER  XVm. 

METABOLISM'    WITH    VARIOUS   FOOrS,    AND    THE    DEUAND    FOR 

POOD  IN  HAN. 


Thb  convoraion  of  chemical  tension  iuto  living  enerpy,  which 
ohanicterizoA  auimal  life,  leads,  as  proviougly  statod  in  Chapter  I, 
to  the  foraiiiLion  of  relatively  sioiplo  componnde — carbon  dioxide, 
urea,  etc. — which  leave  the  organisni.  and  vliich,  moiTOver,  being 
▼ery  jioor  in  potontial  energy,  are  for  this  reaaoii  of  no  or  very  littJe 
raluH  for  the  body.  It  is  therefore  ntj6olutely  iicocssiiry  for  the  con- 
tinuance of  life  nud  the  normal  course  of  the  functions  of  the  body 
that  the  organism  and  ita  different  tissues  should  be  supplit^d  with 
new  material  to  replace  that  -which  has  been  exhausted.  Tliin  is 
accoiiipliahed  by  mcanB  of  food.  Tliose  hodies  arc  deaigrmted  » 
food  which  have  no  injurious  action  upon  the  organism  and  which 
rejtlaco  those  constitnents  of  the  body  that  liavo  been  consumed  ia 
metaboUam  or  that  oim  prevent  or  diminish  the  coneumption  of 
such  constituents. 

Among  the  numerous  dissimilar  sobstanceB  which  man  and  ani> 
nittls  take  with  the  food  all  cannot  be  equally  necessary  or  liuve  the 
same  ralne.  Some  perhaps  are  unneccssarr,  while  othera  may  be 
indiepcngnble.  We  have  learned  by  direct  obserration  and  a  wide 
eipcrienco  that  besides  the  oxygen,  which  is  necessary  for  oxida- 
tion, the  essential  foods  for  animals  in  gcncml.  and  for  man  espe- 
cially, are  iea(er,  mi?ieral  bodies,  prolei'ds^  rarbohtidrntes,  and  fntg. 

It  is  also  apparent  tliat  the  various  gronjis  of  food-atuffs  neces- 
sary for  tljfl  tisBUPB  and  organs  must  be  of  different  importance  ; 
thiiH,  for  JDStariiCe,  water  and  the  niinenit  iHidies  liave  another  Tuliia 
Uian  tlie  organic  foods,  and  thufio  again  must  vary  in  importanco 

■  Ttio  traniUenr  will  a»n  tn  the  followiag  pN^M  for  tlie  Genn&n  wnn) 
"  Sojfweeiuft"  Dr.  Burdon- Sanderson's  truiAlatiua  {SylUtiiu  of  I^rrtureH, 
1979),  nrhang*  cf  maOriai,  uid  *t  tlis  Mtme  time  lbs  oinrv  gvnflrmi  term 
"  HMtaMum."  * 
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among  themselves.  The  knowledge  of  the  action  of  Tarious  nntri- 
tive  bodies  on  the  exchange  of  material  from  a  qualitative  as  veU 
as  a  quantitative  point  of  view  must  be  of  fundamental  importance 
in  determining  the  value  of  different  nutritive  substances  relative 
to  the  demands  of  the  body  for  food  under  various  conditions  and 
also  in  deciding  many  other  questions — for  instance,  the  proper 
nutrition  for  an  individual  in  health  and  in  disease. 

Such  knowledge  can  only  be  attained  by  a  series  of  systematic 
and  thorough  observatioos,  in  which  the  quantity  of  nutritive  ma- 
terial, relative  to  the  weight  of  the  body,  taken  and  absorbed  in  a 
given  time  is  compared  with  the  quantity  of  final  metabolic  products 
which  leave  the  organism  at  the  same  time.  Researches  of  this 
kiud  have  been  made  by  several  investigators,  but  above  all  should 
be  mentioned  those  made  by  Bischofp  and  Voit,  by  Pettenkofer 
and  Voit,  and  by  Voit  and  his  pupils. 

It  is  absolutely  necessary  in  researches  on  the  exchange  of 
material  to  be  able  to  collect,  analyze,  and  quantitatively  estimate 
the  excreta  of  the  organism,  so  that  they  may  be  compared  with  the 
quantity  and  composition  of  the  nutritive  bodies  taken  up.  In  the 
first  place,  one  must  know  what  the  habitual  excreta  of  the  bod; 
are  and  in  wliat  way  these  bodies  leave  the  organism.  One  must 
also  have  trustworthy  methods  for  the  quantitative  estimation  of 
the  same. 

The  organism  may,  under  physiological  conditions,  be  exposed 
to  accidental  or  periodic  losses  of  valuable  material — such  losseras 
only  occur  in  certain  individuals,  or  in  the  same  individual  only  at 
a  certain  period  ;  for  instance,  tlie  secretion  of  milk,  the  productinn 
of  eggs,  the  ejection  of  semen  or  menstrual  blood.  It  is  therefore 
apparent  that  these  losses  can  only  be  the  subject  of  investigation 
and  estimation  in  special  cases. 

The  regular  and  constant  excreta  of  the  organism  are  of  the  very 
greatest  imjiortanee  in  the  study  of  metabolism.  To  these  belong, 
in  the  first  place,  the  true  final  metabolic  products— caebon  diox- 
ide, UREA  (uric  acid,  bippuric  acid,  creatinin,  and  other  urinary 
constituents),  and  a  part  of  the  water.  The  remainder  of  the 
water,  the  mineral  bodies,  and  those  secretions  or  tissue-constituents 

— Mrcrs.  DIGESTIVE  FLL'IDS,  SEBUM,  SWEAT,  and  EPIDEBMI8  K)»- 
MATI0N9 — which  are  either  poured  into  the  intestinal  tract,  or  se- 
creted from  the  surface  of  the  body,  or  broken  off  and  thereby  lost 
for  the  body,  also  belong  to  the  constant  excreta. 


The  retnaiui  of  food,  «ometime8  indif;e8tible.  sometimes  digMt- 
ible  but  not  acted  npon,  contained  in  tho  fiecce,  whicb  vary  coa- 
Bideniljly  in  quiuitity  and  composition  witli  tlio  natury  of  tlie  food, 

■  also  belong  to  Llio  vxcretA  of  tbe  organism.  Ev^n  thougti  Iboee 
remains,  which  are  n(^vt•^  ulMorbod  and  tbcrufon*  ure  never  consti- 
taunts  uf  the  animal   tiiiid,ti  or  tissues,  oaimot  bu   cousidervd   n6 

■  excreta  of  the  body  in  a  strict  sense,  stili  Uieir  quantitative  esti- 
mation  \i  ubKolutely   necessary   in    certain    experiments    on    the 

texcliangv  of  muteriul. 
The  determination  of  the  cODStaiit  low  is  in  some  coses  accom- 
pauiud  witli  tliu  greatest  difficulties.     The  loss  from  tho  detached 

I  cpidormisr  from  the  secretion  of  the  sebuoeuus  gtuiidH,  etc.,  nannut 
bo  determined  with  exnctneuH  without  ditticulty,  and  therefore — as 
they  do  not  occtisiun  any  men(.ir>nahle  loss  becuiise  of  their  tuinall 
qnnntity — they  need  nut  he  coiihidered  in  qtiantiUtive  experimenla 
on  mctttboliam.  This  also  applies  to  the  constituents  of  the  mncus, 
bile,  pancreatiL' and  inleetinul  juiceg,  etc.,  occurring  in  the  contents 

tof  the  inteatinc,  and  wtiich,  leuriug  tlie  body  with  the  fsjcee,  cannot 
bo  separated  from  the  other  coutents  of  the  intestine  and  therefore 
cannot  be  i|uai)tifativel>'  determined  separately.     Tlie  uncertainty 

^  which,  becatiae  uf  the  intimated  ditTivnltieH,  attaches  itself  to  the 
results  uf  the  experimenta  is  very  i^muU  aa  compared  to  the  variation 
which  i-'t  cautjed  tiy  <lifTerent  individnaliliea,  dilTen-iit  moilcs  of  Ilr- 

ting,  different  fooila,  etc.     No  general  hut  only  approximate  values 
(^aD  therefore  be  given  for  the  constant  excreta  of  the  human  body. 
The  following  %uros  represent  the  quantity  of  excreta  for  24 
hoarsof  agrown  man  weighing  60-70  kilos  on  a  mixed  diet.    The 

■  nnmbers  are  eompilod  from  the  results  of  diltorcnt  investigators. 

■  wtter zmt-ik'ioa 

^^^m      8«lu(wiib  clteurin*). ^0-:{t) 

^^H     ('Arbuii  diuxiile 7&<>-WK» 

^^^     Urc*  ,.. aiMO 

H  gloU.ls  i(t  the  exciviariiLM 30-.^ 

H  These  total  excreta  arBappniximately  divided  among  tho  various 
excretions  in  the  folluwing  way — but  still  it  must  not  be  forgotten 
.  that  this  division  may  vary  to  a  great  extent  under  various  external 
I  circumstances:  by  HEHfiKATiON  about  Z'ii,  by  tho  £Vai>oe.\tion 
FROM  TUB  SKIN  l";*,  With  the  UHINE  46-47)(,  and  with  tho  i^xcnK- 
MFSTH  5-9!(.  The  elimination  by  the  skin  and  lungs,  whieh  is 
BometimcedilTerentiated  bv  the  name  "  PBRSPiKATtu  iNstmsmrMs" 
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from  the  visible  elimination  bj  the  kidnevs  itud  int«etin«,  is  od  u 
uTerage  about  50*  of  the  total  olimination.  This  proportion,  onlj 
<|aot«<l  relatively,  is  subject  to  considerable  rariation,  because  of 
the  great  dillereuce  in  the  Iobb  of  water  throagb  the  skin  and  M\A- 
nejrt)  under  different  circumstiutoeo. 

About  90)i  of  tlio  water  in  oamirora  la  excreted  thiougfa  the 
kidueya.  In  herbivora  60^  of  the  water  is  eliminated  by  the  ex- 
crernwnta,  which  are  30-50*  of  the  totiil  excreta.  In  man  onl/ a 
amaliur  fractiyn  of  tiio  water  (ubtjut  ft%)  m  eliminated  witli  Ibt 
fttcea,  and  the  great  mass  of  the  water  is  divided  between  the  kid- 
neys, lungs,  uud  skin. 

The  iiitrogcnoue  uoustituente  of  the  exoretiuna  consist  chiefly  of 
uruH,  or  uric  acid  in  certain  animals,  and  the  other  nitrogenoiK 
urinary  conBtiluents.  A  disproiwrtionally  large  part  of  Ibe  nilropB 
leaves  Uk-  boily  with  the  urine,  ami,  as  the  nitrogenous  coDSlitu- 
euta  of  this  excretion  are  Hnal  products  of  the  metabolism  of  pro- 
teidH  ill  tliH  organism,  the  quantity  of  pmteids  transformed  la  the 
hwly  may  1)e  easily  ciilrulatcd  by  rnulti]i|ying  the  qnantily  of 
nitrogen  in  the  urine  by  the  coefficient  6.26  {^f  =  6.36).  if  « 
admil  that  ttie  protuida  contain  in  round  numbers  16^  nitrogt^n. 

Slill  anotlier  qiuvitlon  is  whether  the  nitrogen  leaves  the  bodj 
only  with  tlie  urine  or  by  other  channels.  This  last  is  habituallT 
Uie  case.  Tiie  tliitchargex  from  the  iutratine  always  contain  sOfiH 
nitrogen  which  \\m  a  tnofoM  origin.  A  jiurl  of  this  nitrogen  it- 
pends  upon  undigeBted  or  non-aliaorbed  remnants  of  food,  and 
flnoihor  part  on  the  non-aVworlieil  remains  of  digestive  spcrclifiiis- 
bile,  pancreatic  juice,  intfstinal  mucus — and  of  epithelinm-cM'llB  q( 
the  mncouA  membrane.  It  follows  that  a  part  of  the  nitrogei  of 
f»co8  has  this  last-mentioned  origin  from  the  fact  that  discharps 
&0U1  the  intestine  occur  also  in  complete  inanition. 

If  the  question  to  be  decided  is,  how  much  of  the  nitrogononf 
bodies  is  assinulntad  in  certain  mo<le8  of  nutrition  or  after  taking  • 
certain  quantity  of  food,  then  nfttnrally  the  qnantity  of  nitrogsn 
orifriuating  from  the  food  and  loAving  the  body  with  the  exetrv 
ments  must  be  siibti-acled  from  the  total  quantity  of  nitrogrntaliPB 
up  with  the  food.  To  obtain  the  quantity  of  nitrngen  leaving  dw 
body  with  the  excrements  it  is  necessary  to  subtract  from  the  toit) 
quantity  of  nitrogen  of  the  eicremenU  the  quantity  of  nitrofW 
ooming  from  the  digestive  lr«ct  itself  and  its  aecretions,  and  the 
Amount  of  this  last  must  be  known. 


I 
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I 
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It  18  ohviouit  that  «xact  resulU  which  answer  for  all  times  cau- 
■not  be  given  for  that  part  nf  the  nitrogen  wljich  has  its  origia  ia 
the  digestive  canal  and  fluids.  It  inuv  not  ouly  vary  in  different 
imliTiduals,  but  aluo  iu  the  *«iiie  iudividuiii  uftt-r  more  or  Joss  active 
secretion  and  absorption.  In  the  uttcinpLii  iuud«  to  dotermiue  this 
part  of  the  nitrogen  af  the  excrements  it  has  beou  found  that  in 
mail,  ou  non-nitrogenous  or  nearly  uitrogcu-fruy  food,  it  amounts 
in  roimcl  uumbera  to  tioniewhut  less  (luiu  1  grin,  pur  24  hours 
(KlCDKK,'  RUBXER.')  Dnring  starvation,  in  which  a  smaller 
^^iiuulity  of  digestive  secretions  is  eliniinatod,  it  is  less.  MClleb* 
found  in  his  ob^LTrations  on  the  fitster  C'etti  that  only  U.jl  gnu. 
nitrogeu  vaa  derived  from  the  intestinal  caual. 

Nitrogen  also  leaves  the  body  through  the  horn  formation.  The 
linuitity  vrhicb  is  lost  in  this  muuner  is,  though  it  cannot  bo  ex- 
actly dotoriuiaed,  insigDiticant.  Mua  loses  ouly  about  0.03  grm. 
nitrogen  daily  by  means  of  tho  hair  and  uuils  (Mo:.Hit<.  liorr')  aud 
■bout  0.3-0.5  grm.  by  the  soahiig  olT  of  tho  skiu.  The  quantity  oX 
nitrogen  which  leaves  the  body  under  ordinary  circumstances  by 
the  perspiratiou  muKl  Ite  so  small  that,  like  the  loss  by  Ibe  homy 
structure,  it  neeil  not  be  considered  in  experimeiils  on  the  exchange 
of  material.  The  elimination  of  nitrogen  by  thu  perspiration  ueed 
only  be  considered  in  cases  of  profuBe  sweating. 

The  view  wiis  fermerly  held  tliat  in  man  aud  curuivoni  an  elim- 
ination of  gaseous  nitrogun  took  plat^u  tlirough  the  skiu  aud  lungs, 
and  because  of  this,  on  couipariug  the  nitrogen  of  thu  food  with 
that  of  the  urine  aud  f(ecos,  a  niiroi/en  deceit  occurred  iu  the  vis* 
iblc  elimination. 

This  question  lias  been  the  subject  of  much  discutisiou  and  of 
onmeruus  investigations.  The  coniOuaion  Inis  been  drawn  from 
the  respiration  researches  of  Kkukal'I-T  aud  Ueiskt*  that  also  an 
exhalation  of  nitrogen  takes  place.  Sheuj^x  and  Now  ak'  especially 
have  recently  endeavored  to  prove  the  correctness  of  this  con- 
olnflioD.     Such  au  experiment  is,  however,  accompanied  with  so 


■ZeitMljr.  f.  Biolo^G,  Bd.  30. 

*  Ihid..  Bd.  lli. 

*  llcrl.  klin.  WocLffnNclLr.,  1887. 

*  UDtersuoti.  siir  Naturlulitt},  HA.  IS. 

*  AniiKl.  d.  Cliliii.  ci  FlivB.  {Zi.  Tome  37,  tod  Aond.  d.  Chwa.  u.  Pbann., 
Bd.  7S. 

*  WicD.  SitsuDgsber.,  Ud.  7t.  tud  PflU^nr's  Arch.,  Bd.  95^ 
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many  diSJcuItics,  and  there  are  bo  Diuny  sources  of  error,  tint 
can  scarcely  bo  considered  as  conclusive,     to  £act.  pBTTENKorea" 
and  VoiT  '  have  demonstrated  the  existcnoo  of  errors  in  the  ei}>eri- 
mQQts  of  Sbboen  uud  Nowak.     Oa  the  other  hand,  Pfllueb  aud 
liEO*  have  found  no  uppreciublc  exliulatioii  of  nitrogen  in  mUiiu.* 
Also  many  investigators,  cspeciallj  Pettk.nkofeb  and  VoiT,'  ha« 
shown  by  experiments  on  man  and  animals  that  with  the  proper 
quantity  and  quality  of  food  we  can  bring  the  body  into  nitro^ 
nous  etjvihbrium,  in  which  iho  quautily  of  nitrogen  voided  witb 
the  urine  and  faeces  is  equal  or  nearly  eqaal  to  the  quantity  con- 
tnined  in  the  food. 

The  experiments  made  by  Gul'bbu  in  Voit's  institute  secml* 
bo  especially  conclusive  on  this  poiuL  Qbubbb*  fod  a  dog  eemi- 
tcen  days  on  me-at  wlitdi  in  all  contained  368.53  gnns.  nitiogpii, 
and  he  found  in  the  tuime  time  368.28  grms.  nitrogen  in  the  aritn 
ami  fa-ces.  In  later  experimout^*  he  found  a  difference  Tirytsg 
only  hotween  —  0.21^  ami  +  l^.  Krom  tliis  and  other  espcrimaBb 
we  may  conclude  with  VoiT  that  u  deficit  of  nitrogen  does  not 
exist;  or  ilis  sn  insigiiificant  that  in  exptiriment»  upon  melabolisDi  it 
need  nut  he  conKidered.  Tii  inretiligatinns  on  the  motaboltem of 
protcids  in  the  body,  ordinarily,  it  is  only  necessary  to  consider  the 
nitrogen  of  the  urine  and  fseoes,  but  it  must  be  remarked  that  tlio 
nitrogen  of  the  urino  ya  a  meaunre  of  the  extent  of  the  metabolim 
of  the  proteida  in  the  Inidy.  while  the  nitrogen  of  tlie  fawes  (ifW 
deducting  enmevhat  lot>s  than  1  ^rm.  on  mixed  diet)  is  a  Bwasnn 
of  the  uon-iihwirbtfd  part  of  the  tulroj^un  of  the  foiMl. 

In  the  oxidation  of  the  proteids  in  the  organism  their  sulpbar 
is  oxidizc<]  iuto  suljiliuric  acid,  and  on  this  depends  the  fact  Hat 
the  elimination  of  Mulphuric  iwhi  by  the  urine,  which  iu  tnm  u 
only  to  a.  small  extent  derived  from  the  Bulphatos  of  the  food,  laaktt 
nearly  equal  variations  as  the  elimination  of  nitrogen  by  the  iirtix. 
If  we  coniiidor  the  amount  of  nitrogen  and  sulphur  in  the  pn>t«iJi 
u  16:^  and  1;^  respectively,  then  the  proportion  betvoen  the  Ditro^n 
of  the  protoids  and  the  sulphuric  acid,  H^SO,,  produced  by  their 


'  Zviuclir.  r.  BJolofflfl,  Bd.  10. 

•PUQpT's  Arcb.,  Bd,  3«. 

■  Zunix  unci  Tiu-li«,  M&ly'H  J&hresber..  Bd.  16.  B.  861. 

*  Sr-i*  Vuil  it)  llt^rmann's  HtLnijl>iich,  K<t.  6.  Tfa.  1. 
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burning  is  in  the  ratio  ^.^  :  I,  or  about  the  same  as  in  Ihe  urine 
(seepage  &1&].  The  (letcrmination  of  the  quantity  of  «iilp}iuric 
acid  elimin&M  with  the  urine  gtres  ns  an  important  meaus  of  con- 
trolling the  extent  of  the  transformation  of  proteiib,  HuiI  eucli  » 
-coDtro]  i»  especially  iinportAnt  in  cases  in  which  wu  wish  to  tiludy 
tlie  action  of  certain  nitrogenons  nou-albimiinous  budies  on  the 
metaboliam  of  proteitis.  A  detprmination  of  the  nitrogen  alone  is 
not  snfllcient  in  such  cnsies. 

It  it  ia  found,  on  comparing  the  nitrogen  uf  the  food  witli  that 
of  the  urine  and  fnces,  that  thoro  is  an  exeetisof  thefirml,  tliisini.-aus 
that  the  body  has  incn\i.si-d  it^  slOL-k  of  nitrogenous  substaucos — 
protcids.  If,  on  the  contrary,  the  urine  and  fiece&  contain  mom 
nitrogen  than  llie  food  taken  at  the  same  time,  this  denotes  tliut 
the  body  is  giving  np  part  of  its  nitrogen — tiiiit  is.  a  part  of  ita 
own  proteids  tiaa  been  <le<.ompo8ed.  We  can,  from  the  qnaulity  of  ni- 
trogen, as  above  stated,  calculate  the  correeponding  quantity  of  pro- 
teidsby  muliplying  by  6.26.  Usually,  BCconh'ng  to  Vo it's  projxi- 
aition,  the  nitrogen  of  the  urine  is  not  calculated  as  decomposed 
proteids,  but  as  decomposed  uinscle-substaiice  or  flesh.  Lean  meat 
contains  on  an  avernge  alwut  3.4;(  nitrogen;  hence  each  gramme  of 
nitrogen  of  the  urine  corresponds  in  round  numbers  to  about  30 
grins,  flesh.  Tiie  at^umption  that  lean  meat  coutnios  3.4^  nitrogen 
is  arbitrary,  m  specially  shown  by  I'FLUufclB/  aud  the  rolationahip 
of  N  ;  0  in  the  proteids  of  dried  meat,  which  is  of  great  inijwrtanco 
in  certain  experiments  on  nietabolisni,  is  given  dilleront  by  rtiriaus 
exiwrim enters,  uamvly,  i  :  3.32  —  1  : 3.G8.  AaauTiNSKY  *  found  in 
«x-flesh,  after  complete  removnl  of  £(l  and  subtraction  of  glycogen, 
that  the  relationship  was  1  :  3.Zi. 

A  disproportionally  largo  part  of  tlie  carbon  leaves  the  body  as 
carbon  dioxide,  which  escapes  chiefly  through  the  lungs  and  skin. 
Tho  remainder  of  the  carbon  is  eliminated  in  ttie  form  of  organic 
combinations  by  the  urine  and  fieoea,  in  which  the  quantity  of  car- 
bon can  bo  determined  by  elementary  analysis.  The  quantity  of 
gaseous  carbon  dioxide  eliminated  may  he  dctcrmttieil  by  means  of 
I'BTntMJtojfJSK's  respiration  apparatus,  or  by  other  mBthods  as  de- 
scribed in  the  preceding  chapter.  By  multiplying  tho  quantity  of 
carbon  dioxide  found  by  0.273  we  obtain  tho  quantity  of  carbon 
eliminated  aa  CO,.     If  we  compare  tho  total  quantity  of  carbon 

'  PflUger'x  Arck.,  Bd.  51.  S   2'2». 
*Ihid..  Bd.  55. 
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eliminated  iu  various  ways  with  Lho  carbon  cooUinod  iu  the  food  ve 
obtaiu  eome  idea  us  to  the  traiiaforination  of  the  carbon  compooiidi. 
If  tbo  quttDtitv  of  ciirboa  iu  tbo  food  is  greater  tbmi  in  tbo  eicrtta, 
thou  the  cxceea  la  deposited;  while  if  the  roverae  be  the  caw  it 
Bhowa  a  correspondiitg  loss  of  bodily  sabetanue. 

The  nature  of  tbo  substauccs  hero  deposited  or  lost,  whether  thqr 
oonsiat  of  proteids,  fats,  or  carbo hydrates,  la  learned  from  the  total 
qiinutity  of  uitrogcn  of  the  excretions.     The  correspouding  qtuu- 
tity  of  protcids  inay  be  caluulaLed  from  the  quautity  of  Ditrogeu, 
and,  as  the  average  quantity  of  carbon  in  the  proteids  is  known,  tte 
quantity  of  carbon  which  corresponds  to  the  decomposed  protndi 
may  be  easily  ascertained.     If  the  quantity  of  carbon  thus  fouutl  ii 
Bmnller  than  the  quantity  of  the  total  carbon  in  the  excreta  it  n 
then  obvioiit^  tliut  koiuh  other  nitro^on-free  substance  boa  been  ood* 
sumed  lieHides  llie  protuidii.     If  the  quantity  of  carbon  in  tb«  y> 
teids  Ik  considered  iu  rouiiil  numbers  as   53^,'  then  the  niUtioa 
htttween  carbon  (.'iS)  and  nitrogen  (IG)  is  a£  3.3  : 1.     If  we  malti- 
ply  the  total  quautity  of  nitrogen  elimiuuted  by  3.3  the  exc«a  of 
carbon  in  the  eliminations  oror  tbo  jiroduct  found  reprraooti  tlie 
carbon  of  the  decomposed  nou-niti-ogenoa^  componnda.     For  u- 
stiiiico,  in  the  case  of  »  pereon  expi.'rinii-ntO(l  upon,  10  gnus,  nitm- 
gen  und  300  grms.  carbon  were  eliminated  in  the  oonrae  of  24  boon; 
tlien  Ihfsft  tta.S  grms:  proteid  rorrcspond  to  33  grms.  carbon,  aiid 
the   ditTeroiic-e.  20(»  —  (3.3  x  10)  =  167,    repr&tenta  the  quiuiilj 
of  carbon  in  the  decompoeed  non-nitrogunous  c9u4ipouDds.    If«» 
Rljirl  from  tha  aimplost  cade,  starvnl.ion.  where  the  bo  ly  lives  tt  tiw 
evi>eii9e  of  itA  own  substance,  then,  since  t)iu  quantity  of  carbohy- 
(Iratoa  as  compared  to  tlio  fata  of  the  body  is  ext.'emety  smsll.  in 
anch  cases  in  nrdcr  to  aroid  mistakes  the  OBsamption  must  bf  niaiit 
that  the  person  exp(>rimnnted  upon  has  only  and  tst  und  protetili. 
Aaanimul  fat  contains  on  an  average  76.5;^  carbon,  the  qoaniityi 
transformed  fat  may  be  calculated  by  multiplying  the  oorbGO 

In  the  case  of  the  above  example  the  person  exfwH' 


76.6 


=  1.3. 


TOftiited  npon  wnnld  hiiv«  ustd  6^.5  grma.  protcids  and  167  X  1.5 
=  217  grms.  fat  of  his  own  body  in  the  course  of  the  24  hoara. 

Starting  from  the  nttrog&n  balance,  we  can  oUculate  In  the  an* 
way  whether  nn  cxccsa  of  carbon  in  the  food  as  compared  with  tks 
quantity  of  carlran  in  the  excreta  ts  retained  by  the  body  is  pro- 
■  Tbi>  (Ijpire  is  perlup*  k  liUl«  loo  bigb. 
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t«i(]s  or  fat  or  as  both.  On  tlie  other  \mm\,  with  an  excess  of 
carbon  in  the  excreta  we  can  catcnlate  how  mnch  of  the  loaa  of  the 
tuhfltancu  of  the  body  is  dne  to  a  oonsumpiiion  of  the  protoids  oi*  of 
fat  or  of  both. 

The  quantity  of  water  and  mineral  bodi«!4  voided  with  the  nrine 
And  fseces  can  easily  be  detrerniineil.  The  cjuantity  of  water  wlimi- 
oated  by  the  skin  and  lungit  may  be  directly  determined  by  rneMO* 
of  PETTRNKOFGR'i)  uppiiratus.  The  quantity  of  oxygen  taken  up  in 
calculaU^d  ua  the  ditlnrcnce  between  the  weij;ht  of  the  individual 
before  the  experiment  plus  all  the  directly  determined  Bubstuneea 
taken  in,  and  the  final  weight  of  the  individnal  pliia  idl  hiti  tixcreta. 

The  oxygen  may.  according  to  the  mothodtf  given  )q  the  pre- 
ceding ohHpter.  be  directly  determined,  and  aiich  a  determinittion 
with  the  simultaneouit  eAtimiition  of  the  carbon  dioxide  eliminated  is 
of  great  importance  in  the  study  of  metabolism. 

On  compariup  liio  inspired  and  the  expired  air  we  learn,  on  meaa- 
itriti^  theti)  when  dry  and  at  the  same  temjteniture  and  pres^iire, 
that  the  volume  of  the  expired  air  is  letw  than  that  of  the  inspired  air. 
Thiade|>uuds  upon  the  fuct  that  not  ull  of  thu  oxygen  a|>pears  attain 
iu  theoxpired  air  »s  carbon  dioxide,  because  it  is  not  only  lifted  in  the 
oxidation  of  carbon,  but  al»o  la  part  in  the  foraiution  of  water,  Knl- 
phuricacid,  and  uther  bodivs.  Thu  voluiue  of  expired  carbon  dioxide 
u  r^ularly  less  Uiau  the  volume  of  the  iuspirud  oxygen,  and  the 

CO' 
relation  -pp.  which  is  rolled  the  respiraiory  f/uatiejtt,  i&  guuerally 

le*i8  than  1. 

The  niji^Tiitude  of  the  respiratory  quotient  is  dependent  upon  t-he 
kind  of  Rubfitancee  destroyed  in  the  body.  Tn  the  combustion  of  pare 
carbon  one  rolume  of  oxygen  yields  one  volume  of  carbon  dioxide, 
aad  the  quotient  is  therefore  equal  to  I.  The  some  is  true  in  the 
bnrning  of  carbohydrates,  and  in  the  exolusive  decomposition  of 
oarbohy<lrate8  in  the  animal  body  the  respiratory  (|uotient  must  be 
approximately  l.  In  exclunive  metabolism  uf  proteidn  it  Is  0.73. 
and  with  the  dacom]K>sition  of  fat  it  is  0.7.  In  starvation,  as  the 
animal  draws  on  itn  own  lledh  and  fat,  the  respiratory  quotient  must 
be  a  close  apiiroiLch  lo  the  Inlter  figure-  The  reejiiratory  fjuotit-nt 
therefore  give^  important  explanations  on  the  quality  of  the  material 
deoomputied  in  thu  body,  naturally  with  the  suppusttiou  that  tlie 
elimination  uf  uarbuu  dioxide,  independent  of  thu  formation  of 
oarbun  dioxide,  is  not  iuflnunced  by  ipcoial  i-onditioos,  such  aa 
alteruatiou  of  the  respiratory  mechanism. 
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It  is  also  itoEsibIn  in  BystemaLizett  experimentation  ro  to  carry  on 
the  DictaboligDi  oxi)enniontfi  that  tlio  decumpcwitiou  material  of  the 
body — as  eliowii  by  tho  respiratory  quotient — remiiinB  qualitjitively 
tilt!  saniR,  at  Itust  for  a  short  time.  In  audi  experiments  it  bae  been 
sliown,  ce))ocialIy  by  ZtiNTz'  biiiJ  bis  ptijiils.  that  the  extent  of 
oxygen  consumption  may  be  taken  as  a  mcnttitn:-  for  the  action  of 
different  influences  on  tlio  extent  rf  mctiilwlism.  This  possibility 
is  based  on  the  fact  proYen  by  PpLL'aiiit'  and  bin  pnpiU,  andby 
VoiT,'  that  tbe  conaumption  of  oxygen  within  wide  limits  is  indf- 
pcndont  of  the  supply  of  oxygen,  and  is  oxeliisiTely  dt-iienilent  upon 
the  oxygen  demand  of  the  tissues.  For  certain  reaaons'  tbe  cnD- 
flumption  of  oxygen  givee  indeed  u  better  conclusion  than  tbe 
elimination  of  carbon  dioxide  as  to  the  extent  of  oxcbangc  of  mat^riiil 
and  energy  ;  but  aa  the  same  quantity  of  oxygen  (100  grma.)  oim- 
snmes  different  quantities  of  fat,  carbohydrates,  and  proteids  in  tbe 
body— namely,  35,  84.4.  and  74.4  grms.  reepcctivoty — tbe  respir 
tory  quotient  must  also  be  determined,  in  order  to  ai^certain  il 
nature  of  the  Bubstanco  burnt  in  tho  body,  by  tho  simnttaneont^ 
determination  of  tbe  elimination  of  carbon  dioxide. 


i.  Futenttal   Kiicrgy  nncl  the  Helative    NutriU' 
Tuluti  of  VariotiH  ()r}{;iLiiic  FoodH. 

With  the  organic  foods  the  organism  roccivca  a  supply  of  potea* 
tifiJ  energy  which  is  convortcl  into  living  force  in  the  body.  Thii 
potcutiul  energy  of  the  various  foods  may  be  reproacnted  by  the 
amount  of  beat  wbicb  is  set  free  in  their  combnstion.  This  qnu- 
ttty  of  boat  is  expresse<1  tut  calorics,  and  a  small  calorie  is  tbe  qntn* 
tity  of  beat  neet-Bsary  to  warm  1  grm.  water  from  0*  to  1'  C.  A 
large  calone  is  tiie  quantity  of  beat  necessary  to  warm  1  kilo  w»t«f 
1*  v..  ITcrc  and  in  th«  follnwing  pages  large  calories  are  to  be  uuilcr- 
stood.  We  bare  numerous  iiivestigationa  by  different  experimentere, 
such  M  Fhahklanh,  DANrLBW.sKi,  UtiBSEB,*  Berthelot,' Stoh- 

'  8r©<ni«pWr  XVII,  rooUnoU-  4,  p   604. 

*  l'Iin;{«r-s  Arcl>..   Bd<l    6,  10  ii.    U  ;    Finkl^r.  ibid.,  1M.  10  ;    Flakfer  Bud 
0«rEm>nn,  i-'.id  ,  Bd.  14. 

•Zeiw-'br.  r.  Ili<.I"({l*.  Md.  11  u.  14- 

*  S«o  Ad.  Mag^nus-Lovy.  I>flOgef'«  Arch.,  Bd.  55.  S.  7. 

*  7,e\t^ehT.    r.    Blolopio,    Bd.   21,   wlwra    thn  works   of   FtwikluKl   tad 
I>u>i1p'ivr<kl  at*  cHcA. 

•Cooipt.  rcnd..Tflin(Mi  1U3.  t04.  110. 


CALORIFIC   VALVE  OF  F00r>8. 


fil7 


I 


n&NJT,'  and  others,  oti  the  calorilic  value  or  different  food^.  Tli£> 
following  rcBuIte,  which  represent  tlie  calorific  r^lnc  of  n  fow  nutri- 
tive bodit«  on  complete  combustion  outside  of  the  body  to  the 
highest  oxidation  products,  are  taken  from  Stohhakn's'  laieat 
work. 

CweiD fi.Sfl 

Ovallmmin  .,.., 0.74 

CoDglutlo S4S 

Prowld  (uTenee) 5.71 

Anlriinl  liimae-nt 9.50 

Buiur-fat. 0.2S 

C&n«-angar 8.9fl 

LaetoMi 8.S5 

Dextrose 8.74 

Siarch ...4.19 

Fat  aud  carboliyd rates  are  completely  burnt  in  the  bod;,  Emd 
we  cun  therefore  consider  their  combustion  equivalent  as  a  measure 
of  the  living  force  developed  by  them  within  the  orgauism.  We 
eeoeraUy  de^igoate  9.3  aud  4.1  calories  for  each  gnu.  of  gub- 
dlauce  aa  the  average  for  the  physiological  calortilc  value  of  fats 
and  carbohydrates  respi^ctively. 

The  proteidit  act  difEvreutly  from  the  fat«  and  carbohydrate*. 
They  are  only  incompletely  burnt,  aud  they  yield  certain  decom- 
position products,  whicli,  Icavitig  the  Imdy  with  the  excreta,  etill 
represent  a  certain  quantity  of  potential  energy  which  ia  lost  for  tho 
bodj.  Tho  heat  of  comhuation  of  the  proteida  ia  smaller  within 
tho  or^nism  than  outside  of  it,  and  they  must  therefore  be  apeciolly 
determined.  For  this  puri>osc  Bl'UKEb'  fed  u  di^gon  wu«lieil  meat, 
and  he  subtracted  from  the  beat  of  oombustion  of  the  food  tlie  heat 
of  combustion  of  the  urine  and  fKoes.  which  rorres^>onded  to  the 
food  taken  plus  the  quantity  of  heat  ueocBHury  Cor  tlie  eiwulUug  up 
of  the  proteidH  and  the  aolutioti  of  the  urea.  Kubnek  hua  also  tried 
to  determijio  the  lieut  of  combustLon  of  tlie  proteida  (mutiole-pro- 
teidtt)  d^'coiujioi^ed  in  the  l)ody  of  rabbita  in  elurvuLLOu.  According 
to  these  invcstigutiona,  the  phy^iologicmt  heat  of  combuBtion  in  cal- 
oriee  for  e»vh  griininie  of  subBtuncc  is  its  follows: 

I  ffni).  bf  ihi?  Dry  SubiUAiice.  Cftlorlei. 

Prolvid^j  from  uwax ,,., 4.4 

M»Ml«    .. 4-0 

Prntnidn  in  starTktion 8.8 

Fnt  (nvi-nurt'  fur  varinun  fau) 9.8 

Cvbohf  d  rmtea  (cAlctilBted  sventfre] ^1 

■  Zeitachr.  f.  Biolo^lt>,  Btl.  81. 
■ZeitwdiT.  f.  Blologia,  BA.  SI. 
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The  physiological  combustion  valae  of  the  TiuriouB  fooda  belong- 
icg  to  the  same  group  is  not  quite  the  same.  It  is,  for  instance, 
3.97  calories  for  a  vegetable  proteid,  conglutin,  and  4.42  calories 
for  an  animal  proteid  body,  syntonin.  AccordiDg  to  Hubneb 
ire  may  consider  the  uormal  heat  value  per  1  grm.  of  animal 
proteid  as  4.23  calories,  and  of  vegetable  proteid  as  3.96  cal- 
ories. When  a  person  on  a  mixed  diet  takes  about  60^  of  the 
proteids  from  animal  foods  and  about  40^  from  vegetable  food^ 
we  may  consider  the  value  of  1  grm.  of  the  proteid  of  the  food 
as  about  4.1  calories.  The  physiological  value  of  each  of  the 
three  chief  groups  of  organic  foods,  by  their  decomposition  in  the 
body,  is  in  round  numbers  as  follows: 

CUorie*. 

1  grm.  proteid 4.1 

1     "      fat 9.S 

1     "     carbohydrate 4.1 

As  will  be  shown,  the  fats  and  carbohydrates  may  decrease  the 
metabolism  of  proteids  in  the  body,  while,  on  the  other  hand,  the 
quantity  of  proteids  in  the  body  or  in  the  food  acts  on  the  met* 
holism  of  fat  in  the  body.  In  physiological  combustion  the  variooi 
foods  may  replace  one  another  to  a  certain  extent,  and  it  is  there- 
fore important  to  know  in  what  proportion  they  can  replace  one 
another.  The  investigations  made  by  Bubneb  have  taught  that 
this,  if  it  relates  to  the  force  and  heat  production  in  the  animal 
body,  is  in  proportions  that  correspond  with  the  figures  of  the  heat 
value  of  the  same.  This  is  apparent  from  the  following  table.  In 
this  we  find  the  weight  of  the  various  foods  equal  to  100  grms.  bA, 
a  part  determiucd  from  experiments  on  animals  and  a  part  calcu- 
lated from  figures  of  the  heat  values. 

Tablk    1. 

100  grma.  fat  are  equal  to  or  isodynamic  with: 

From  Rxneriments         Frmn  Ibe  DUfefWMa, 

on  AiilinBU.  HeatViUue.  parMtiL 

Sj-ntonin 225  213  +5.6 

MHscle-desh  (dried) 343  28S  +  4.8 

Starcli 238  229  +1.8 

Cane-supar 234  235                       —  0 

Grape-sugar 256  253                          -0 

From  the  given  isodynamic  value  of  the  various  foods  it  follow 
that  tiiese  substances  replace  one  another  in  the  body  almost  in 
exact  ratio  to  the  potential  euerjiry  contained  in  them.  Tbna  in 
round  numbers  2*^7  grms.  proteid  and  carbohydrate  are  equal  to  or 
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isodynamic  witli  100  gnus,  fal  in  regard  to  source  of  enorgy,  because 
P«PMth  viclde  930  oaloriee  on  corabuetion  in  tho  body. 

H_v  mi'Jiiis  of  recpnt  very  iniporlaiit,  ailorimetpic  inTeetigations 
RrnxKR'  liaa  ahown  that  the  heat  producni  in  an  animul  iuaeTeral 
si-ritis  of  expflriineiitA  (•xlen<linj;  over  A5  ilayK  coitck ponded  to 
within  0.47^  with  the  pliyfiiological  iieiit  or  nomhustion  oalculated 
from  the  deoonipoRed  hody  uthI  foods. 

This  isndytioinic  law  isof  futtdaniontal  value  in  tlie  study  of  meta- 
boHsin  and  uutrition.  By  this  law  it  is  poseiblo  to  coiisidKr  i\w 
processes  of  metabolism  sa  more  uniform.  Tho  quantity  of  energy 
in  the  foods  may  be  usad  as  a.  measure  for  the  total  eonsiiinptioti  of 
energy,  and  the  kuowl<>dgo  of  the  quantity  of  energy  in  the  foods 
must  also  be  the  ba^is  for  the  calcuktion  of  dietaries  (or  human 
beings  under  various  conditions. 


II.  Mi'tnbolisni  in  Starvation. 

Id  stnrration  the  decompogition  in  the  hody  continues  nninter- 
roptedW.  though  with  dacreused  intensity  ;  but,  as  it  takes  place  nt 
the  cspensc  of  the  subatance  of  the  body,  tt  can  only  continuo  for 
a  limited  time.  When  an  animal  has  lost  a  oertain  fraction  of  the 
mass  of  the  body  death  is  the  reanlt.  This  fraction  varies  with  the 
condition  of  the  hody  at  the  hogiiming:  of  the  starvation  period. 
Fat  animals  succumb  when  the  weight  of  the  body  has  sunk  lo  ^  of 
the  original  weight.  Otherwise,  according  to  Cuossat,*  animals 
die  as  a  rule  when  the  weight  of  the  botly  has  sunk  to  |  of  tho  orig- 
inal weight-  The  period  when  death  occurs  from  starvation  not 
only  varies  with  the  varied  natritive  condition  at  the  beginning 
of  starvation,  but  also  with  the  more  or  less  active  exchange  of 
material.  This  is  more  active  in  small  nnd  young  aniniak  tliau  in 
large  and  older  ones,  but  different  classes  of  animals  show  an  un- 
equal activity.  Children  snocumb  in  starvation  in  ;t-5  day*  after 
having  lost  i  of  their  bodily  ma.'W.  Grown  person-'*,  as  o!>»erve<l 
on  8t*oci,*  may  starre  for  20  days  without  lasting  injury  ;  and  we 
have  statements  of  oven  over  40-60  days'  starvation.  Hogs  can 
live  without  food  from  +-H  weeks,  birds  .^20  days,  snakes  more 
than  half  a  year,  and  frogs  more  than  a  year. 

"  Zfltstclir.  f.  Bit>loEl«.  Bd.  80. 

'CitBH  fmin  Vnii  in  IlnrtnanTi'ii  Hnntll.iirli,  iW.  ff,  Thl,  1,  S.  100. 

'  8««  Lttoiati],  Das  Hungorn.     IlminliuTg  u.  \^\pzi)s.  1890. 
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In  starvHtioi]  the  v^eUjhl  of  (he  body  decreaaei.  The  loB>  of 
weigbt  is  greaiMt  in  llie  first  few  days,  and  then  decreaeee  railier 
imifomily.  In  smiill  aniniuls  the  ubsolute  lo)^"  of  weight  per  day  it 
iiaLurally  smalltir  thau  iu  Itirgur  animals.  The  relattre  loes  of 
weight — thai  18.  t))tf  luKS  of  Weight  of  the  unit  of  the  weight  of  tb» 
body,  riaim*!}',  1  kilo — i».  ou  the  contniry,  greater  ic  Bmall  animals 
tlian  in  largfr  duos.  The  reason  for  this  '\%  that  tliestnallcr  animals 
have  a  greater  surface  of  body  iu  proportion  to  their  mass  than  larger 
animals,  and  tlie  greater  loiis  of  heat  caused  thereby  must  be  replaced 
by  a  more  active  consumption  of  material. 

It  follows  from  the  deitreaee  iu  the  weight  of  tlio  body  that  the 
absolute  extent  of  metabolism  mnst  diminish  in  stan-ation.  If,  oo 
the  contrary,  we  refer  the  extent  of  the  metaboliam  to  the  unit  of  the 
weight  of  the  body,  namely,  1  kilo,  we  find  that  this  quantity  re- 
mains nearly  unchanged  during  Btarvation.  The  iuTcsiigationa  of 
Zv.vTZ.  Leiima>in.  and  otbei-s '  on  Cetti  showed  oa  the  3d  to  Ctb 
day  of  st»rvation  an  average  consumption  4.G5  o.  c.  oxygen  per  kilo 
in  one  minute  and  on  the  9th  to  Llth  diiy  an  arerago  of  4.73  c.  c. 
The  calories,  as  a  mensure  of  the  metabolism,  fell  on  the  1st  to  9tli 
day  of  stiirvation  from  I860  to  1600  calories,  or  from  32.4  to  30 
per  kilo,  and  he  remained  nearly  unchanged,  if  wo  refer  to  the  unit 
of  bodily  weight. 

As  the  metabolism  in  stiLrvation  takes  place  at  the  expense  of 
the  constituents  of  the  body,  it  must  t:ikc  place  in  ossentially  the 
m.mv  way  In  both  cnruivora  and  herbtrorn.  As  the  food  of  tlie 
ht^rbivora  is  onliniirily  richer  in  carbohydrates  and  non-nilrogenotts 
nutritive  bodies  than  that  of  the  oarniTora,  so  in  starrntion  the 
body  of  the  herhivora  becomes  relatively  richer  tn  proteids.  On  tbjs 
account  the  elimination  of  nitrogen  is  increased  in  hcrbivora  in  the 
fii-st  purr,  of  the  {leriod  of  titArvation.  In  caniivora  the  eliminatioB 
of  nitrogen  decreases,  as  a  rukt,  immediately  at  the  beginning  of  the 
starvation,  and  in  tha  Uitt'r  periods  only  small  quantities  of  nitrogen 
are  voided  by  herbivora  as  well  a^  by  carnivora. 

The  extent  of  the  rnf-taholism  of  proteitls,  or  the  elimilutioD  of 
nitrogen  by  the  urine,  wliich  is  a  measure  fur  the  same.  docR  not 
Ethow  in  carnivora  any  uniforni  decrease  during  the  entire  jteriod  of 
etarvalJon.  During  the  first  fi-w  days  the  elimination  of  nitrogen 
is  greatest,  and  Iho  quantity  of  the  aamc  depends  eaiientially  npon 
the  amount  of  protoids  in  tho  organism  atid  tlie  nature  of  the  food 

'Bariin.  hlin.  Wocbonschr..  1887. 
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previoufil)'  tiikc'ii.  The  richer  tho  body  »  in  proteida  from  the  footl 
previously  taken  Lbe  greuter  is  tho  luctabolisni  of  proteids,  or,  in 
other  words,  tJie  eliiniuutioii  of  nitrogoii  during  tlio  firet  duys  o{ 
slarvatinii  ia  groater.  Tho  rapidity  with  which  tho  cliniinntion  of 
nitrogen  decreaaBS  in  the  llrst  daya  dnponds  aluo,  according  to  VniTf 
upon  the  proteid  condition  of  tliuliody.  ItdeoreaseHinore  quickly — 
that  18,  the  curre  of  the  decrcaao  ia  more  sudden — the  first  ciays  of 
starvation,  iia  a  rule,  the  richer  the  food  woa  in  proti^ids  which  was 
taken  before  starvation .  Thia  condition  ia  apparent  from  tlie  fol- 
lowing table.  Tliis  table  containti  throo  dilTerent  eturvution  experi- 
ments made  by  Voit'  on  the  same  dog.  ThU  dog  recieived  2500 
grms.  flesh  doily  before  the  first  sorica  of  experiracntt.  1600  grma. 
ficsh  daily  before  the  second  Berica,  and  a  mixed  food  relatively 
|K>or  in  nitrogen  before  the  tl^ird  Bcrlos. 

Tahus  11. 
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Orammv*  o(  VrcaSllinlnatM  !□  theT«enir-r<^ur  Raora. 

Sit.  I.  Sor.  II.  S-i    tU. 

(W.!  28.B                     IBS 

S4.0  IS.fl                     11.5 

IS  I  16.7                   10.3 

17.8  14.9                     13.a 

^t.Z  H  8                   12.1 

m.S  13.8                 ia.ft 

, i«.s  ia.e             11.8 

10.1  18.1                 10.7 


I 

I  Other  oonilitions,  ttncb  at)  varying  quantities  i)f  fat  in  the  body, 

K  hare  an  inCluencre  on  tho  rapidity  with  which  tho  nitrogen  is 
I  eliminated  during  the  first  days  of  stanration.  Aft«r  the  first  few 
days  the  elimination  of  nitrogen,  as  is  seen  in  the  above  tabic,  is 
more  uniform,  atid  t\s  the  starvution  proceeds  it  decreases  as  a  rule 
very  slowly  and  uniformly.  Cases  aUo  occur  in  which  the  elimina- 
tion of  nitrogen  becomes  constant  iu  these  stagoB,  and  towards  tlie 
end,  indewl,  the  elimination  of  nitrogen  incrcasca.  This  so-called 
premortal  increase  always  occurs  as  soon  aa  the  adipose  tiasae  in 
the  body  has  sunk  to  a  certain  jwint.  and  it  also  depends  on  the 
fact  that  as  soon  as  the  fat  is  consumed  a  corresponding  increase 
in  the  decomposition  of  proteida  is  necessary  for  the  generation  of 
heat  lis  well  n&  of  other  forms  of  livinj?  force. 

Itesides  tho  proteida  the  fat  occurring  in  the  body  ifl  also  der^on.- 
poaet]  in  Rturration.  Since  Cat  has  a  dimiuimhlng  iniluonco  on  the 
d«strnction  of  proteids  (ace  further  on),  the  elimination  of  nitrogen 

■  rbfsiot.  <lpa  Stuflwecliaels,  etc.,  in    IlenukDnV  llandbucli.  Bd.  6,  TLl.  ], 
S.8&. 
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ill  Btarrntion  is  lees  in  fiit  Ibnu  in  Icnn  iodiTidQals.  For 
only  &  grnis.  o(  urea  were  voiiierl  ia  tweiitT-fgur  houre  c 
lat«r  stages  of  starvation  by  a  well-nourished  tiod  fat  {icrsoii  suffer- 
ing from  disease  of  the  bruin,  while  1.  McNK  fonnd  that  20-29 
grras.  urcii  were  voided  daily  by  Cetti."  who  had  boon  j»oorly  fed. 
Like  the  destruction  of  {iroteids  during  sturvation,  the  decom- 
position  of  fill  proceeds  nuintemiptedly.  The  decomposition  of 
fat  does  not  bhuw*60  (.neat  aibd  riipid  a  decrooec  in  the  first  duye  of 
sturvation  as  tlic  destruction  of  prott'ids.  I'kttrnkoi'ku  nod  Von 
found,  for  tn^tuuoe,  in  a  starring  dog  the  following  Ioshob  of 
teids  uid  fat  from  the  body  on  dillerMit  days  of  starvation' 

Tahlb  111. 

,^_  LfCNu  of  iMmt  at 

'*'■  Fli^Bh.        C»K>rH«.»  rk(.  CWnr 
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The  oonKumptioD  of  fat  on  the  second  day,  when  the  dacom- 
posilion  of  prateids  was  cunaiderable,  was  iiidet><l  lima  than  in  iIh 
following  days.  Trie  reason  for  thii  was  tEmt  Ihv  animal  had  pre* 
viously  boon  fed  with  ubiiunhint  rjunntltics  of  meat  (2500  gnns.).  If 
the  excliauge  is  exprusfted  as  calories  wo  find  for  the  Hf  tb  and  eighth 
days  of  stun-alion  that  13.2;^  aud  L1.5<£  respectively  of  the  Total  cal- 
ories was  covered  by  the  dc>uoin[)0.<<ition  of  proteids  and  86.8<  and 
85.5^  by  the  decoiii]iositjou  of  fiil.  Other  observations  on  animali 
as  well  as  uiuu  have  led  to  s  similar  result,  and  we  can  assume  (bat 
in  starvutiori  ordinarily  the  greatest  purl  of  the  exi>enditure  it 
replaced  by  the  doc  oni  posit  ion  of  fat  and  only  a  small  part  by  th« 
ducomiwsition  of  proteids. 

The  inveatigfttJons  on  the  txehanpe  of  gas  in  starvation  have 
shown,  as  previonsly  mentioned,   that  the  absolute  oxtcnt  of  llis 
s;imu  is  diminished,  but  that,  when  the  consumption  of  oxygen  and, 
olitiiination  of  carbon  dioxide  is  calculated  on  the  unit  of  weight  of] 
thit  body,  1  kilo,  this  quantity  quickly  sinks  to  a  minimiim  iind 
then  remains  unchanged,  or  on  the  continuation  of  the  starvatioo 
may  indeed  rise.     It  ia  a  genen-illy  known  fact  that  the  IkkIv  teni-i 
peraturc  of  starving  animalu  remains  nither  constant  without  show- 
ing any  appreciable  decrease  duriug  the  greater  part  of  tha  star'] 

'U  c. 

*  Thf^  calnrlM  r>f  tliA  de^o^)pD«Kl    pral«ids  wera  eft'euLftted  bjr  iba  Katlior,] 
MBURiing  tlwt  llie  }lr«li  conUins  3  U  nUiTi|[eD  u  proicidft. 
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ration  period.  TIia  tompdralura  of  the  animal  first  sinks  a  fev 
daja  before  ^i-iitli  luid  starvation  death  occurs  at  about  3:)-30°  C 

From  wliat  bait  becu  said  ou  tixa  respiratory  <|uotiotit  it  folLowa 
that  in  starvation  it  is  abont  tlic  aanio  as  with  oxolusivo  fat  and 
me&t  as  food,  naniel;.  about  0.7.  This  is  often  the  case,  but  it  may 
alao  bo  indeed  lower,  0.65 — O.SO,  as  observed  in  the  cases  of  Cktti 
and  Sl'uoi.  As  explanation  for  this  unexpocted  behavior  wq  admit 
of  a  Btorago  of  incompletely  oxidized  Bub8tuncf>s  in  the  body  during 
atarvution. 
I  nWn*  passes  uointerrnptodly  from  tbo  body  in  atanration  oven 

when  none  is  given.  If  the  quantity  of  water  in  the  tisBues  rich  in 
proteida  ia  considered  as  70-80^,  and  the  quantity  of  proteida  in 
Che  Bame  2Q^,  then  for  each  gramme  of  destroyed  proteids  about 
4  grammes  of  water  are  »et  free.  A  Hpwinl  infireaao  in  tbo  demand 
for  water  does  not  seem  to  occur  in  (Starving  animals. 

The  mineral  svbstancet  leave  the  biwly  uninterruptedly  in  Btar- 
vation  nnl.i]  deutli,  and  the  iufluiniec  o>f  tlie  de^tnictlon  of  tist^ues  it) 
plainly  perctiptiblc  by  tlielr  elimination.  Uecuuse  of  the  deHtritctlon 
of  tissueii  ricli  in  potassium  tbo  proportion  between  jiotaAsiiim  and 
nmlium  in  tlie  urine  ehangcs  m  atarvation.  so  that,  contrary  to  tliv 
normal  conditions,  the  pnlaKsinm  is  eliminaleJ  in  proportionaliy 
greater  quantitiea.  Mfnk  also  oliservcd  in  Cctti's'  case  a.  relative 
increase  in  the  phospborir  ar.U\  and  e:deium  in  the  urine  during 
starvation,  which  was  duo  to  an  increased  exchange  of  hono-sub- 
atance. 

Tahli  IV. 

IPlKMD  (OnoaaAi;.  Btalo  c«t  iVottj. 

AdipoM  tiMmi« OH  (>«r  c«ut,  87  per  enat. 

Sl>IfeD 71         •*  «7 

Pmcibhh 64        '•  I?        " 

LlTer. St       ••  H        " 

Heart 4S        ■•  8       " 

Inlesiiao 48       "  18       " 

BlHsclm 4S        "  81 

Twiidw. 40       " 

SkiD  88       ••  81       ■• 

EtdnRTS 83        ••  26 

hitan 88       "  18 

BoDBs 17       "  H       " 

Nerrons  BjsteBL 8        "  3       " 

The  qoeation  aa  to  tho  participation  of  the  different  organs  in 
the  loBs  of  weight  of  tbo  body  during  eturvation  is  of  special  iuteresL 
To  illustrate  this  question  we  have  given  above  the  results  of  Chos- 

'L.  0, 
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SAT*s'  experimentfl  on  pigeons  and  thoec  of  Voir  on  a  mal«  c&U 
Tlie  resalts  nre  percentages  of  weight  loet  from  the  origiuaJ  weigbl 
of  the  organ. 

The  total  quantity  of  blood,  ae  well  m  the  quantity  of  solids  eon- 
tnitied  therein,  decreiiRes,  &ti  Paxcm'  has  shown,  in  the  same  pro- 
portion as  tlie  weight  of  the  body.  The  staleoieot^  in  r^ard  to 
the  lo!«  of  water  by  different  oigane  are  somewhat  contnidictory; 
according  to  Li'KJANow,'  it  aeems  that  the  Tarious  organs  wt 
somewhat  differently  in  this  respect. 

The  above- tahu  In  ted  reaiilts  cannot  serve  as  a  measnre  of  tbe 
tnetaholism  in  the  varions  organn  during  starvation.  Vot  instance, 
the  nervous  system  shows  only  a  small  loss  of  treight  as  compmd 
with  the  other  orgaos,  but  from  this  it  must  not  be  concluded  th&t 
the  exchfltige  of  material  in  this  system  oC  organs  is  least  acti^^e. 
The  condition  may  be  quite  dilTereut;  for  one  organ  may  derive  its 
nnbritnent  during  starvation  from  some  other  organ  and  exist  at  its 
expense.  A  positive  couuiusion  cannot  be  drawn  in  regard  to  the 
activity  of  the  metabolism  in  an  organ  from  the  loiss  of  weight  of 
that  organ  in  starvation. 

The  knowledge  of  inetabotism  during  starvation  is  of  tbe  greatest 
importance  in  the  study  of  niitrittou,  and  it  forms  to  a  certiin 
extent  the  starting-point  for  the  study  of  metuholism  under  diflen-Dt 
physiological  and  patbologicul  conditions.  To  answer  tbe  question 
whether  the  metabolism  of  a  (lenion  in  a  special  case  is  abnormally 
increased  or  diminished  it  is  naturally  very  important  to  know  the 
average  extent  of  metabolism  of  a  healthy  person  under  the  same 
circiiniBtunces  for  conipurisou.  This  qiiautity  can  be  culled  the 
abstinent  value,  nuniGly,  tlie  extent  of  nietubolitim  used  in  absolute 
bodily  rest  and  iiiuctivity  of  the  intestinal  tract.  As  measure  of 
this  quantity  we  determine  according  to  (iEPi'EiiT-ZuNTZ  the  extent 
of  gaseous  exchange,  and  especially  the  cousumption  ot  oxygen,  of  a 
person  lying  down,  best  bleeping,  in  the  early  morning  and  at  least 
\i  hours  after  n  light  meal  not  rich  in  earbohydrattis.  The  ga> 
volume  reduced  to  0°  C.  and  7liO  mm.  Ug  pressure  is  calculated  oo 
1  kiln  of  body  weight  and  for  1  miuntc.  The  re^ulta  Tary  betveeo 
3  and  1.5  tor  the  consumptioa  of  oxygen  and  between  2.5  and  li.S 


■  cited  from  Voit  )n  Bf^rmuia's  Haodbuch,  Bd.  A,  Thl.  1,  8.  Mt  n.  97. 

'  Vlrcliow'a  AtcL,.  Bii.  28. 

*  Zoiuchr.  f.  pti7»iol.  Cbrm.,  Bd.  IS. 
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c.  c.  (or  the  cftrbon  ilioxide.     As  avoragu  we  cau  accept  3.81  c.  c. 
oxygen  and  3.08  c.  c.  carbon  dioxide.' 

The  extent  of  proteid  deatrnction  carmot  be  determiU'ed  in 
truiuieut  exfteriuieule,  aad  for  those  reosous  ouly  thu  vuiuvs  found 
after  sererui  dayci  of  starvation  are  useful.  In  tlte  elurrutioii  experi- 
uieiiU  ou  Ckttj  aud  Scii  tlie  elimioatioQ  of  uitrof^eu  per  kilo  in 
the  lUth  to  the  teoth  sUrTatioD  day  was  0.150-0.^0?  gan.  M. 

III.  MetiibollHni  with  Inndeqiiatc  Nutrltton. 

The  food  may  be  qnantitatirely  inanfficient,  and  the  final  rMult 
is  absolute  inauilion.  The  food  mity  also  be  qualiLatively  insuffi- 
oieot  or,  &6  we  say,  iiiadetjaJite.  ThU  occura  when  atty  of  the 
naceasary  nntritive  bodies  are  absent  in  the  food,  while  the  othere 
occur  ill  sufficient  or  perhaps  indeed  in  excessive  amounts. 

Liwk  of  W'aler  in  the  Food.  Tlie  quantity  of  water  io  (be 
organium  is  greatest  dnring  foetal  life,  and  tben  dtwreasea  with 
incoawiug  age.  Naturally,  the  quantity  differs  in  vuriouB  organs. 
The  tiftsue  in  the  bocjy  being  poorest  in  water  is  the  onarael,  which 
iaaliuoiiL  free,  containing  only  'i  p.  m.  water,  the  teetli  about  100 
p.  HI.,  the  fatty  tissuets  60-120  p.  m.  The  boue^  with  MO-440 
p.  III.  and  tliu  uartilage  with  540-740  p.  m.  are  souiewhat  richer 
in  water,  while  the  muscles,  blood,  acid  glands  with  760  Co  more 
than  8(>l>  p.  lu.  are  still  richer.  The  (^iiaoLity  of  water  is  even 
gruatt;r  lu  the  auiniul  Quids  (see  preceding  chapter),  aud  the  atlult 
body  couLaias  in  ail  about  O-JO  p.  m.  water.'  If  we  bear  in  mind 
tliat  two  thirds  of  the  animal  organism  consists  of  water;  that  water 
is  of  the  very  greatest  ittiportance  in  the  normal,  physical  couipu^i- 
ilon  of  the  tissues;  moreover  that  all  flow  of  juices,  all  exchange  of 
Bubstaoce,  all  supply  of  nutrition,  all  increase  or  destruction,  and 
all  discharge  of  tlie  products  of  destruction  are  dependent  upon  the 
prewnce  of  water;  besides  this,  that  by  its  evaporation  it  is  an  im- 
portant regulator  of  the  temperature  of  the  body, — we  perceive  that 
water  must  be  necessary  for  life.  If  the  loss  of  water  be  not 
replaced  by  fresh  supplies  sooner  or  luter,  the  organism  succumba. 

Lack  ot  Mineral  SttlfxtancM  in  the  Food.  Weare  chiefly  indebted 
to  LiBfilO  for  showing  that  the  mineral  substances  are  just  as  necee- 

(  Tbtee  R^mv  sr*  tkkiui  from  r.  Noorden'ii  L«hrbucli  drr  P«lli.  d4«  Stofl- 
weeliMds.  8.  04. 

*  e>w  Voit  in  Homun's  Handbucli.   Bd.  6.  Tlil.  1.  6,  »4i. 
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cbt  ccEuiJas.  MTiLiccc^T  •«'*-"-*  -nth  5'X«i  zccr  ^  aL^.  a  akr;  *t 

K^Suiii  *.:*:  -^j*7  -'-  '*^  ■Kici-.i^*  t:::!  ■li*  zjs-w  zc-jii-^Zi  ■:'  li* 
iwm^ij,  »^:  i.^*/  *:ia;  ^*7  --  P*^^  *^  »:ai;^*-£  w  .riiji:.:  -in-.r-i* 
bodiitf  poor  .z  ia.-ji  -ir  LiKir.r  aLvf.-**.  w.-:!!  i.*"-  i.:B<;.r: *;  froai  12* 

If  this  Kft.*j^fL.4=.':  'A:  iTorrec5,  ':  ii  r<>af;  .i-*  :_ii  1  ;::£!*:»=.:  f^pcij 

ia:Siri^afiac.t.     Tc*  ■^"'isci'/C   ■w-^-.-.-ir  :=„.*    :•:  st:    ir  Z'.-'  ".m  aji-t 

■AT.  bo-w-ftTtr,  -J*  asnsi^i  :rj:  xia  issiillj  laJce  TT'h  lis  foo«i  a 

cicttc  nzpptT  of  miatini  f^TStiiicft*  t  ;c  th*  f-T-o-i  i-it*  -rtien  au>ie  by 
Mverftl  iiiTwdiiMrs.  espe<:iiil_T  F>i-T£a.  He  ■ic-^rr-iti.  oa  eiaeri- 
n*a£i(M£  0&  'ifies  &c<i    pi^r^ctu  v.:a   f»i  w  Do>:r  u  pi]W3ie  in 

'  S«w  7ik:  in  HMTmaca'*  HJbniibiKa.  B>i  4.  ThL  L  ^   333. 

*  ImxuKhr.  f.  Bioia^SB.  Bil  t.     S«a  kIm  ViiC  ji  Haniuum'i  OudbtMtk.  Bd. 
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roineral  substRncee,  s  vory  suggeetivti  disturbance  of  the  fanotiooB 
of  the  orgaos,  cepcc-ioltr  ih«  iiiiificl«ii  nnti  the  iierrous  sjstein,  und 
death  resulted  after  u  time,  iodood  oarlinr  than  in  complete  starva- 
tion. In  oppwJtioD  to  these  obeervatione  HrxnK'  has  auggeeted 
that  the  earl;  death  in  theee  caeca  was  not  caused  by  the  lack  of 
miuond  salte,  but  more  likely  by  the  lack  of  bases  necessary  to 
neutralize  the  Bnljibnrio  acid  formed  in  the  burning  of  tliu  proteida 
in  the  organism,  which  must  be  then  tuken  from  the  tiseueai.  In 
aocordanco  with  this  view,  Ul'NOb  and  Linin*  also  found  on 
experimenting  on  mice  that  auimuU  vhich  received  nearly  ueh-free 
fcHtd  vrith  the  addition  of  Eodtum  carbonuto  were  kept  alive  twice  as 
long  ai<  animals  which  had  the  sunie  food  without  the  addition  of 
eodium  curbonato.  Spooial  eiperiments  alao  show  that  the  carbon- 
ate cannot  be  replaced  by  an  equivalent  amonnt  of  sodium  chloride, 
and  that  to  all  appearances  tt  acts  by  combining  with  the  acida 
formed  in  the  body.  The  addition  of  idkali  oarbouato  to  the  otlicr- 
wiso  nearly  nt^h-free  food  may  iurleed  delay  death,  bnt  c.innot 
prevent  it,  and  even  in  the  pnwciice  uf  Uie  iieoe^ary  amount  of 
buses  death  results  for  lack  of  mineral  subetonoes  in  t)io  food. 

In  the  above  8erie«  of  experimeuts  made  by  Ht'XOR  the  food  of 
tbe  animal  consieted  of  nuseiii,  milk-fat,  am)  cane-sugur.  While 
milk  alone  was  an  aileqinite  and  sufUcient  food  for  the  animal, 
BuNOB  found  that  the  animal  cnuhl  not  Iw  kept  alive  longer  by  food 
oonsiatiiig  of  the  above  coiii^titueute  of  tnilk  and  canc-niigar  with 
the  addition  of  all  the  minend  flubtitanoea  of  milk,  tlian  with  the 
food  inentioni'd  in  the  abovo  cxperimenlA  with  theaiidiliun  of  alkali 
carbonate.  The  que^ition  whethijr  this  result  is  Co  he  explained  by 
the  fact  that  the  mineral  bodies  uf  milk  are  chemicaJty  combined 
with  tl)e  organic  constitnenta  of  the  aikmo  and  can  be  assimilated 
only  in  such  comhinationii^  or  whether  it  depends  on  other  condi> 
tiong,  ItrMOE  leaves  nndecidcd.  Those  obflerrations,  bawerer,  show 
how  dilliciilt  it  is  to  draw  positive  connlusionii  from  experimontA 
til ai:lo  thus  far  with  food  poor  in  salts.  Further  inreatigatioDS  on 
this  subject  seem  to  be  neccasary. 

With  an  in.iniHoient  oiipply  of  ehhridet  with  the  food  the  elimi- 
nation of  chlorine  by  the  urine  decreases  constantly,  and  at  last  it 
may  stop  entirely  wkiUe  the  tissues  still  persistently  rutaiu  the  chlo- 
rides.    These  last  are,  at  least  in  part,  combined  in  the  body  with 


U 


>  Labrbuch  d.  pbjiloL  Cliem..  1.  AuS..  R  108. 
*  A*tf.,  ud  ZoitHcbr.  f.  phjitiol.  Ch«ui.,  Bd.  0. 
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the  organic  anbstances  which  retain  them.  The  great  importAnce 
of  aoch  a  retention  of  cbloriiles  bj  the  tiBsnetii  \a  apparent  if  wo  i>ear 
in  miml  that  the  NaCI  is  not  only  u  solvent  for  certain  albnuiinoiu 
bodies,  or  a  material  for  the  ebbonition  of  the  gastric  jaice,  but 
that  jtisalao  of  the  greatest  importance  u  aao-callod  indifferent 
salt  for  the  preaervation  of  the  normal  consistency  and  tho  phjiic 
logical  imbibition  relation  of  the  titMuns. 

If  there  be  a  lack  of  aodium  as  compared  with  potaaainm,  also  if 
there  be  an  excetu  of  potassium  compound<t  in  any  other  form  tluD 
KCI,  tlie  potassium  combinations  are  replaced  in  the  organisro  br 
KaCl,  So  that  new  potassium  and  aodiiim  componnds  are  produced 
which  are  voided  with  the  urine.  Tlie  orgunUm  becomes  poorer  iu 
NaCl,  which  therefore  mast  be  taken  in  greater  araounti  frum  tb* 
outside  (UrNGE).  This  occurs  habitually  in  herbirora,  and  la  nuu 
with  vegetable  food  rich  in  potash.  For  humau  beings,  and  e^M^ 
cially  for  the  poorer  classes  of  people  who  live  chiefly  on  potatoN 
and  foodtfricb  'uv  potaKb,  common  suit  is,  under  these  circumataooei, 
not  only  a  condtrneut,  but  a  uecedtiary  addition  to  the  foodj 
(BrwoB).  \ 

Ijaok  of  Alkali  Cnrlionatts  or  Boats  iu  the  Food.  The  chemicd 
prooemes  in  the  organism  are  depundeut  upon  the  presence  of  alks* 
line-reacting  tisHue-fluidu.  wbo^e  alkaline  reaction  is  due  to  alluli 
carbonates,  The  alkali  carbuu^iLoii  are  also  of  great  importance  Mt 
only  ae  a  solvuut  for  certain  proteld  bodies  and  as  consUtueataof 
certain  secretions,  aiich  as  tho  pancreatic  and  intestinal  juices,  bat 
they  are  aUo  a  means  of  truusportatiou  of  the  carbon  dioxide  in  tbe 
blood.  It  is  therefore  easy  to  uudenitaud  that  a  decrease  belovs 
certain  point  iu  the  quantity  of  alkali  carbonate  must  endanger  liFa 
Such  a  decrease  not  o!ily  occurs  witli  lack  of  basoa  in  the  food  whicik 
accelerates  death  by  a  relativoly  too  groat  production  of  acids  by  tiie 
burning  of  the  protuids  (ciud  above:  Bdnue  and  Lunik),  but  it  oho 
Dcnnrs  when  an  animal  is  given  dilute  mineral  acids  for  a  certain 
time.  In  herbivnra  the  fixed  alkalies  of  the  tisanes  oombiae  witb 
the  mineral  acids,  and  the  animal  succumbs  after  a  time,  in 
carnivora  (and  in  man)  tho  bases  of  tho  tissoos  are  obstiualclt 
retained;  the  mineral  acids  unite  with  the  ammonia  prodnced  by 
the  ilecompofiitioa  of  the  proteids  or  their  cJearage  prodootB,  ao^ 
{wmivora  can  therefore  bo  kept  alive  for  u  longer  time. 

Lack  of  Earihy  Phofrphate»,     With  the  exception  of  the  i 
<  Zeiiacfar  t.  Blolairie.  Bd.  8. 
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tikDco  of  the  alkalitio  enrtlia  ao  carbonates  and  prinoipally  as  plios- 
phatos  ill  tho  pliynica)  tiorii[iusitiou  of  uortaio  structures,  sucli  ut4  the 
burieta  aud  teeth,  their  pliyt^iulogical  importauce  is  iieui'ly  uukiiown. 
Tho  occQrronco  of  earthy  plioi^phiiteia  in  all  proteUR,  uiul  the  greut 
impnrtnuco  of  the  earthy  phosphHtot!  iu  tlio  piHdugc  of  the  proteids 
from  u  soluble  to  a  coagulableand  eolid  state,  ntako  it  probable  tbut 
the  earthy  phoephates  pliky  an  important  part  in  the  organization  of 
tho  proteids.  The  action  which  ao  iusufScient  supply  of  nlkali- 
«urtb3  witii  tho  food  caiigea  is  couuucted  with  the  iiitereating  ques- 
tion as  to  the  effect  of  this  lack  npon  the  bony  structure.  Thift 
Actiou,  as  well  as  the  rariouB  results  obtained  by  oiporiiiiontii  on 
jTouDg  and  old  auimiils,  baa  already  been  spokeo  of  in  Chap.  \,  to 
whioh  we  refer  the  reader. 

Lack  of  Iron.  Ad  iron  is  an  inte^nd  oonatitucnt  of  haemoglobin, 
tndispengabie  for  the  introductioti  of  oxygen,  bo  iroo  ta  au  indiapen- 
eable  coDstitnent  of  the  food.  In  iron  atarvation  iroo  ia  continuoll; 
eliminated,  even  though  in  diminished  umonnta  (Oietl/  v.  Qds- 
UN,' and  otiiers).  Frotri  the  obdervations  of  v.  Uu^lin  on  dogs 
ife  BBema  that  an  iuailuqiiate  supply  of  iron  with  the  food  causes  aa 
inantlicicnt  fonnation  of  iiaMnuglobtn.  A  epccial  result  of  Ihc  lack 
of  iron  ia  chlorosis,  which  the  pbyBician  haa  often  to  contend  with 
and  vhoie  origia  is  not  rcotl;  a  look  of  iron  in  tho  food,  bnt  more 
likely  an  incomplete  assimilation  and  absorption  of  the  foods  oontain- 
iog  iron  (BcNOt:).  The  iron-aalts  as  such  seem  not  to  be  abaorbod 
at  all  ia  the  intestinal  canal,  or  only  to  a  very  small  extent,  so  that 
it  is  questionable  whettier  their  abaorptton  h?t,i  any  importance 
worth  noting.  It  seems  more  probable  tbat  the  absorptiou  of  iron 
from  the  food  tnkea  place  in  tlie  form  of  protein  bodies  (nncleo- 
albumin)  contiiinirig  iron  (BrNfiE);  and  the  importance nf  llieiron- 
aolts  in  preventing  tbe  lack  nf  hiemoglobin  consists  chiefly,  accord- 
ing  to  BtTNiR,'  in  that  these  salts  counteract  the  decomposition  in 
tbe  intestine  of  tho  protein  bodies  containing  iron,  with  a  splitting 
off  of  iron  as  iron  Bulphide. 

In  the  absence  of  protetd  bodies  in  tho  food  the  organism  mnst 
nourish  itwlf  by  its  own  proteid  ttubatanccs,  and  on  such  nntrition 
it  mnat  earlier  or  litter  sncLMiinb.  Ily  tho  cxcluBi^'e  administration 
of  fat  and  earbohydratoa  the  cuiutumption  of  protctdB  in  those  cases 

•  Wien.  8itxungtbcr..  Bd.  71,  Abth.  8,  1675. 
■  ZeilscLr.  f.   Itiulogic,  Bd.  IS. 
■ZeiUclir-r    [>llr^Lul.  Cketu.,  Bd.  9. 
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is  redaocd,  for  Ijy  an  cxclasive  Cat  and  carbobydrato  diet  the  moU- 
boliftD)  of  proteids  rnay  indeed  be  smaller  thau  iu  complete  gtarvatioD 

(IIlKHL-UFELD,'    KlMAGAWA,*  KlEJUI'EKKH.'  JUnK,'  UiJSEN  IIEIM,' 

and  others).  In  conformiiy  wkh  tbis  tbo  animal  may  bo  kept  alire 
longer  by  food  containing  only  nou-nitrogonoua  bodies  than  in 
complete  Bturvution. 

The  absence  otfats  ruA  carbohydrates  in  the  food  affect  camtT- 
ora  and  bcrbJToni  eoniewbHt  ditlerciitly.  It  \&  unknown  whether 
carnivora  c»ti  be  kept  alive  for  any  length  of  time  by  food  entirely 
free  from  fat  and  carbo hydrates.  But  it  has  been  positively  demoti- 
Btratec]  that  they  Ciin  be  kept  alive  a  long  time  by  feeding  exclusirelji 
with  meat  freed  as  much  as  possible  frotri  risible  fat  (FplDukk'). 
tiinuan  beings  and  herbivora^  on  the  (xruirary,  cannot  live  for  any 
length  of  tiitie  on  euch  fooii.  On  one  aide  they  loi*e  the  projierlT 
of  digeeting  and  assimilating  tlie  necessarily  large  amounts  of  meat, 
and  on  the  other  a  distaste  for  largo  uuauLiti«fi  of  meat  or  proieids 
soon  appears. 

IV.  Meliibolisiii  with  Variuiis  Fo<h1h. 

For  the  carnivora,  as  above  stated,  meat  a«  poor  as  poasibh  vx 
fat  may  bo  a  Ltouiplote  and  eufficleut  fuod.  As  the  proteid^  more- 
over Luke  u  epeciat  place  among  tlie  organic  ntHritive  bodies  by  tlie 
quantity  ol  nitrogen  they  contain,  it !«  proper  that  wo  first  descnbt 
tbe  exi^hange  of  ni:iteri;il  vritli  an  exclu!<ively  meat  diet. 

Metaboliflm  with  food  rich  in  proteidt,  or  feeding  only  vith 
meat  as  poor  in  fat  as  possible. 

By  an  increased  supply  of  proteida  the  metabolization  of  proteidt 
and  the  elimination  of  nitrogen  is  increased,  and  this  in  proportion 
to  the  supply  of  proLeids. 

If  a  cortaiu  quantity  of  meat  has  oeen  given  as  food  daily  to  i 
nivora  and  the  qnautity  is  suddenly  increased,  an  iucraaaed  mtl^^ 
boliam  of  proteids  or  an  increase  in  the  quantity  of  nitrogen  «liiiU' 
natcd  is  the  result.     If  we  feed  the  animal  daily  for  a  certain  tim 
with  larger  ({uantitios  of  the  same  meat,  ve  find  that  a  part  of ' 
proteids  accumulntea  iu  the  body,  but  thid  part  decreases  from  day 

>  Vireliow'B  Arch..  M.  114. 

*  Ibid.  Bd.  116. 
■KrilMltr.  f.  klin.  Med..  Bd.  16. 

*  Du  Boi».Rpyui<>nd'a  Arch..  1891. 
*Ibid  ,  S.  3.II  u)d  i>flQg«r'«  Arrb..  B(L  Bl 
•PHQger'B  Afcb.,B(l.  M. 
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to  daj,  while  there  is  a  corresponding  tidily  increniie  in  the  elimina- 
tion of  nitrogen.  In  this  way  a  nitrogenona  equilibrium  in  cstob- 
lisheid,  tliat  is,  the  total  quantity  of  nitrogen  eliminated  itt  equal  to 
the  quantity  of  nitrogen  in  the  ab^orbL-d  proteidH  or  meat.  If,  on 
the  contrary,  an  animal  Trhich  is  in  nitrogenous  equilibrium,  having 
been  fed  ou  large  quantities  of  meat,  ift  itnddonly  fed  with  a  small 
qnantity  of  meat  per  day,  thon  the  animal  give*  up  its  own  bodilj 
proteids,  the  amount  decreasing  from  day  to  day.  The  elimination 
of  nitrojien  and  the  metabolism  of  proteids  dcoroaso  constantly,  and 
the  animal  may  in  this  eoae  also  pass  into  nitrogenous  equilibrium 
or  nearly  into  this  condition.  Those  relations  are  illustrated  by 
tlie  ioUowiug  table  (Voit')  : 

Tabi-k  V. 

Orcna.  ol  MmI  la  Um  Food  pvr  Dftjr, 


B«ror«  tlin  T««l. 
, . . .     500 
....   1500 


tiimns  tbo  TdM. 
1-10O 
1000 


Orms.  oT  Plnah  ineUboDbMl  lu  Uottjr  |>?r  l>ay. 


ISIO 
I  OHO 


8 

1300 
IU88 


4 

1410 

lOSO 


III  the  drat  case  (1 )  the  metaholiem  of  fleeh  before  the  beginning 
of  the  actaal  oxi^crimcnt  on  feeding  with  AOO  grms.  meat  was  447 
grms.,  ami  it  increased  conaidembly  on  the  first  day  of  the  experi- 
ment, after  feeding  on  I.MK)  gnna.  meat.  In  Uie  second  case  (3), 
in  which  the  animal  was  previously  in  nitrogenons  equilibrium  with 
1500  grniB.  uirttt,  the  mctaboliiim  of  flonh  on  the  ftnt  day  of  the 
experluieiit,  with  only  1000  grms.  meat,  decreased  cotmidembly,  and 
on  the  6fth  day  a  nearly  nitrogenons  equilibrium  was  obtained. 
Daring  this  time  the  aniinnl  ^aro  up  daily  some  of  its  own  proteida. 
Between  that  ])oint  below  wiiich  the  animal  losea  from  ita  own 
weight  and  the  maximum,  which  SBems  to  be  dependent  npon  the 
dlgaitiTe  wd  OBsimilaCivo  capacity  of  the  intestinal  raitnl,  a  cnrniv* 
CM  HkftJ be  kept  in  nicrogenoua  equilibrium  with  varying  qnantities 
ol  proteids  in  the  food. 

The  snpplr  of  proteids,  u  well  as  the  protcid  condition  of  the 
body,  affeetsi  the  extent  of  the  proteid  metabolism.  A  hndy  which 
has  become  rich  in  proteids  by  a  previous  abundant  meat  diet  must. 


>  HeriQuin'a  llaadtmch.  Bd.  6.  Th3.  1,  S.  110. 
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to  prpvent  a  loss  of  protei'U,  t&ke  iiji  more  protetd  with  the  food 
ttiuii  «  body  poor  iit  proteids. 

rKTTEXKOFEit  atid  VoiT  liave  made  ioTestigatioDB  oq  tbenu/o- 
botisni  of  fnt  with  uu  excluisiTBlv  ulbuuiiuous  diet.  These  invcsii- 
gatious  have  bUowu  tlial  hs  iucruaitiag  the  iiaantity  of  proletda 
in  the  foud  the  daily  uiotubolisui  of  fat  decreases,  and  they  bsre 
drawn  the  couclusiou  fruiii  ihu&e  expuniiienU),  as  detailed  la 
Clmpter  .\,  that  even  a  formatiDu  of  fut  inny  take  place  ander  tben 
ciji:umsULUC(M.  The  objections  presunted  by  I'flCdeh,  aguut 
these  experimeutK  nru  tiltio  nieutioued  iu  this  chapter,  and  Ktiii.- 
OAWA  '  Iiati  recently  published  a  new  and  important  invcetigatioii 
ou  this  subject. 

Ki'MAQAWA  caused  two  do^  of  the  same  litter  to  fast  for 
over  30  days  in  order  to  reniore  tlie  body  fat.  One  of  the  d(^ 
(the  control  dog)  tras  thou  killed  and  the  total  fat  determined. 
Tiie  other  atilmal  reocived  mout  poor  in  fat  (with  a  kootrn 
quantity  of  ether  uxtractiTes,  glycogen,  nitrogen,  water,  and  asli] 
in  BM  large  ijuuiititioa  oa  it  could  endnre,  and  this  feeding  with  ineal 
was  continued  (ubont  50  duys)  uutil  a  luarked  iucreaae  In  bodilj 
weight  had  tukon  pliira.  Tlii!  quantity  of  nitrogen  in  the  nrine  ai;4 
fseces  duriag  thi^  iicriod  w.ia  also  determined,  and  finally  the  animal 
waft  killed  and  tlu-  lotal  quuntity  of  fai,  der«rmin(Ml.  The  reigalli 
were  timt  tlio  fat  formed  during  the  period  of  feeding  corresponded 
ciactly  with  tlit;  quantity  exifttiug  in  the  meat  fed  to  the  animiil 
and  formed  from  the  glycogian  of  the  meat.  In  tliin  case  no  fat 
formation  from  protoid  waa  found,  and  according  to  Kl'uaoawji 
the  animal  body  under  normal  circnmstancea  has  do  ability  d 
forming  fat  from  protcid. 

According  to  iVi.C'(iBH's  doctrine,  which  has  roeeired  mpport 
from  these  invon ligations,  the  protoid  cau  inilnenco  the  formation  < 
fat  only  in  iin  indirect  way,  miinely,  in  that  it  is  consumed  instead 
of  the  non-nitrogoiiona  bodies  [ind  hence  the  fat  and  fat-forminjj 
cJirhnhydrates  are  spared.  If  snfficienfc  proteid  is  introdncpd  in  tl 
food  to  iiiitisfy  the.  total  nutritive  reqiiiremonta,  then  thcderompoai- 
tion  of  fat  stops;  and  if  aluo  non-nitrogenous  food  Is  taken  at  ths 
same  time,  this  ia  nob  consumed,  hut  ia  stored  np  in  the  animal 
body,  the  fats  as  such,  and  the  carbohydrates  at  least  in  great  pirt 
■sfat. 

*  Zur  Fr*H«  d^r  Fettbildunj;  «us  tjiw«lM  im  TbierkOrper.     HitihsU. 
PMd.  Fakultat  (ler  fc&iiMrl,  .Inpan.  tTniv«raiUt  so  Tokin.  Bd.  8,  No.  1.  I8N. 
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FFLOtiCH  oolla  the  "  nniritiro  reqainmoDi  **  as  the  nnallest 
qti&Dtitjr  of  lean  mciit  wbicb  prodnccg  uitrogououe  ef|uilibriiini 
without  caneisg  any  decompoeition  of  fat  or  carboh^drattjn;.  At 
rwt  and  at  an  arorago  temperature  it  is  fonud  for  dogs  to  bn  3.073 
grma.  nitrogen  (in  meat  fed)  per  kilo  of  flesli  weight  (not  bodily 
weigtit,  aa>  the  fat,  which  often  fonns  a  coiiaidcrablo  fraction  of  the 
weight  of  the  body,  caouot  as  it  were  be  used  as  dead  nioasuro). 
Even  when  the  supply  of  proteid  is  in  excess  of  the  nutritivo 
reqnirements,  Pi'Ll'i.ek  has  found  that  the  proteid  metabolism 
increases  with  an  increased  supply  nntil  the  limit  of  digest! trc  power 
ia  reached,  which  limit  is  abotit  '^(>00  grms.  meat  with  a  dog  weigh* 
ing  .10  kitoB.  In  tlicse  eipcriments  of  PclOiiek'h  all  of  the  excess 
of  proteid  introdnced  was  not  completely  decomposed,  but  a  part 
was  retained  by  the  body.  FplOobk  tlierefore  defends  the  proposi- 
tion "  that  an  exclusive  proteid  supply,  withont  fat  or  cartM>> 
bjdrate,  does  not  eicliide  &  proteid  fattening." 

From  what  hoa  been  said  on  proteid  nietaboIiBm  in  starvation 
and  with  one-silled  proteid  food  it  fnllowi<,  that  the  proteid  meta- 
bolism in  the  animal  body  never  etopa,  that  the  extent  xa  dependent 
in  the  first  place  upon  the  extetit  of  ]>riiteiil  t>up]ily,  ami  that  the 
animal  body  lias  the  property,  within  wide  limits,  of  accommodating 
the  proteid  metabolism  to  the  proteid  supply. 

These  and  certain  other  pecu  I  iari  tieti  of  proteid  metabolism  haTO 
led  VorT  to  the  view  that  all  proteids  in  the  body  are  not  decom- 
posed with  the  same  ease.  VoiT  differentiates  the  proteids  fixed  in 
the  tissue-elements,  so-rallerl  organized  proteida,  Hxaue-proteida, 
from  those  proteiils  which  cirrnlate  with  the  fluids  in  tlie  body  ami 
its  tisBnes  and  which  are  taken  np  by  the  living  celU  nf  t)ie  tissues 
from  the  interHtitial  fhiidi!  wattliing  them  and  destroyed.  These 
rircuiatttiff  pmlfiila  are,  according  nci  \'oit,  more  eiuiily  and  quickly 
destroyed  than  clie  tissoe-proteids.  When,  therefore,  in  a  fasting 
animal  which  hiLt  been  previously  fed  with  meat  nn  abundant  and 
qnickly  decrsasinw  decomposition  of  proteidfl  takoa  place,  while  in 
the  farther  eourftc  of  atarration  this  proteid  metabolism  become* 
less  and  morn  uniform,  this  depends  upon  the  fact  tliat  the  Bnpply 
of  circnlnting  proteids  ia  destroyed  chiefly  in  the  flrst  days  of  starva- 
tion and  the  titwne-pmteids  in  the  last  days. 

The  tiivsiie-elementsconiititnte  an  apparatoB  of  a  relatively  sc&hle 
nature,  wliich  has  the  power  of  taking  proteids  from  the  fluids 
washing  the  tisnnes  and  digesting  them,  while  a  few  proteids,  the 
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tisaue-proteide,  are  ordtuarilj  disorganiztHJ  to  duIt  a  nnall  extent, 
about  1^  daily  (VoiT).  Uy  au  increased  supply  of  proteidB  the 
activity  of  tlie  cells  and  tbeir  ability  to  decompose  nutritive  proteida 
is  also  increased  to  a  cerlaiu  degree.  Wlieu  nitrogenous  oqnilibrioni 
is  obtained  after  incruaseU  eup]ily  of  proteids,  it  denotes  that  the 
decouipositig  power  of  t)ie  cells  for  proteids  has  increased  bo  thai 
the  Biinic  qiiaiiLily  of  proteids  in  metabolized  as  is  supplied  to  the 
body.  If  tbe  proteid  metabolism  is  decreused  by  tbe  simaltaneouti 
adininiBtratiou  of  otlier  uon-nitrogenous  fooiU  (see  below),  a  jiart  of 
the  oircnlnting  proteids  m^y  have  time  to  become  lixed  and  oi;gao- 
ized  by  the  tissnes,  and  in  this  way  the  mass  of  the  llesb  of  the  body 
increases.  During  starvation  or  with  lack  of  proteids  in  the  food 
the  reverse  takes  place,  for  a  part  of  the  tissno  proteids  is  conrerted 
into  circiihiting  proteids  which  are  metabolized,  and  in  this  oaae  tbt 
flesb  of  tlie  body  dccruases. 

Vorr's  doctrine  has  been  Beverely  attacked  by  PplCueb.' 
PplCoek  states,  basing  his  statement  on  an  invostigaiion  made  by 
one  of  his  pupils,  Sciiomjoufk.'  that  the  extent  of  proteid  dettnic- 
tion  is  not  dependent  upon  the  cjuaotity  of  circalating  proteids,  bat 
npon  tbe  autritlreconditiou  of  the  colts  for  the  time  being — a  view 
which  is  not  very  cotitnulietory  of  Voit'h  doctrine,  if  the  AUTHOii 
doea  not  inieimdoratHud  PflCukk':)  statemout.  Vuit'  has,  as  n 
known,  stated  that  the  conditions  of  the  destraction  of  snbstanccs 
in  the  body  exist  in  the  cells,  and  also  that  the  circulating  proteid, 
likewise  according  to  Vorr,  is  first  metabolized  after  having  lieen 
taken  np  by  the  cells  from  the  llnids  washing  them.  The  organised 
proteid,  whicli  is  fixed  by  the  cells  and  has  become  a  [lart  of  the 
same,  itt  destroyed  less  readily,  according  to  Voir,  than  the  proteid 
taken  np  by  the  cells  from  the  nntritive  Hnid,  which  eerves  ai 
material  for  the  chemical  construction  of  the  very  mnch  more  con- 
plicated  orgunixerl  proteids.  This  nutritive  proteid,  which  oircn- 
JHtes  with  tlie  fluids  before  it  w  taken  np  by  the  cells,  and  vhicb 
can  exist  in  store  in  the  cells  as  well  as  in  the  Quids,  which  c«>n^ 
flponds  to  Voit's  view,  has  been  called  circulating  proteid  or  snpply 
jirnteid  by  him.  It  is  clear  tJiat  these  names  may  lead  to  misande^ 
standing,  and  therefore  too  niucli  ittress  should  not  be  put  on  them. 
The  most  essential  part  of  Voit'b  doctrine  is  the  sappositioa  tbst 

■  PflOtror'fi  Apcb..  Bd.  M. 

*  Ibid.,  m.  54. 

*7^\\M\tr  f   Biologic.  Bd.  11. 
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the  food  prot«id  of  the  c«Il9  is  more  easily  destroyed  than  th« 
organized,  real  protoplasmic  prot^id,  and  tliia  statement  can  hardly, 
for  the  preseul,  be  considered  as  refuted  or  exactly  proren. 

This  qneatioD  18  intimately  connected  with  another,  namely, 
whether  t!ie  food  proteids  token  np  by  the  celU  are  metabolized  iis 
such  or  whether  they  are  first  organized.  The  investigations  of 
PAyuu '  and  Falcs  *  on  the  trausitog-y  progress  of  the  elimination 
nrea  after  a  meal  rich  in  proteide  thrown  light  on  this  qDegtiou. 
Prom  the  investigations  OTt  a  dog  it  was  found  that  the  eliiniiiii.t.ion 
of  nrea  increaj^s  almnst  immediately  iifter  a  meal  rich  in  proteidg, 
and  that  it  reacheJi  it^  maximum  in  about  six  houni,  when  about  one 
IulU  of  the  quantity  of  nitrogen  corresponding  to  tlie  uduiinietered 
proteids  is  eliminated.  U  we  also  recollect  that,  accordicg  to  au 
observation  of  ScHMUiT-MCLirEisi  *  on  u  dog,  about  37<  of  the 
given  proteids  are  abiiDrbed  in  the  tirat  two  houra  after  the  meal  and 

I  about  59;^  in  the  conne  of  the  finit  six  hours,  we  may  theu  infer 
that  the  increased  elimination  of  tiitrogeu  after  a  meal  is  due  to  a 
metabolization  of  the  digested  and  Uftsimilated  proteids  of  the  food 

■  not  previously  organized.  If  weadmiltliat  tlie  metabolized  proteid 
must  have  been  organized,  then  the  greatly  increiued  elimination  of 
nitrogen  after  a  meal  rich  iu  pruLeidi,  tiupposes  afar  more  rapid  and 
comprehensive  dei^truotiou  and  recount  ruction  of  the  tiMuei  than 
has  been  generally  admitted  and  not  proven. 

It  has  been  stated  above  that  other  foods  may  decrease  the 
metabolism  of  proteids.  Gelatin  is  such  a  food.  Gelatin  vaxd  the 
gelatin-formers  do  not  seem  to  be  converteil  into  proteid  in  the 
body,  and  tliis  iajst  cannot  be  entirely  replaced  by  geluLiu  iu  the 
food.  For  uxnuiple,  If  a  dog  is  fed  on  gelatin  and  (at,  its  body 
einttitiniia  loaa  of  ])roteidd  even  when  the  quantity  of  gelatin  is  so 
large  tiiat  the  animal,  with  an  umonnt  of  fat  and  meat  containing 
ju&i  the  same  qaantity  of  nitrogen  as  the  gelatin  in  quetition,  may 
remain  iu  nitrogenous  equilibrium.  On  the  other  bund,  f^elatiu.us 
VolT,'  pASira  and  Oehlm*  have  shown,  has  u  great  value  a»  a 
meana  of  sparing  the  proteids,  and  it  may  decrease  die  nietahotisni 
of  proteids  Co  a  still  greater  extent  than  fats  and  carbohydrates. 


'  Nor<I.  m«i.  ArkiT.,  Bd.  6. 

*  Cil«d  from  V»it  in  IlflrinMin'a  H«Ddbuob.  Bd.  6.,  ThI.  I,  ti.  107. 
» lln  Bots-Hpj-niond*8  Arcb.,  1879. 

*  U  c.  8.  123. 

*  Nord.  ia«d.  Arktr  .  Bd.  11 
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ThiB  is  apparent  from  the  following  sammary  of  Yoir's  ezperimoiti 
on  a  dog: 

Table  VI. 
Food  per  Dbj.  TImIi. 


Meat.  OolRtin.  Fat.  Suitar.  Keubollwd.  On  tiM  Bod;. 

400          0  200        0  460  -  50 

400          0            0  250  439  -  89 

400        200          0          0  266  +44 

I.  MuNK  '  has  later  arrived  at  similar  resaltB  by  means  of  more 
decisive  experimentB.  Ue  found  in  dogs  that  on  a  mixed  diet 
which  contained  3.7  grms.  proteid  pei  kilo  of  body,  of  which  hardly 
3.6  grms.  was  metabolized,  nearly  \  could  be  replaced  by  gelatin. 
The  same  dog  metabolized  on  the  second  starvation  day  three  tima 
as  mach  proteid  as  with  the  gelatin  feeding.  MnNS  states  also  thai 
gelatin  has  a  much  greater  sparing  action  on  proteids  than  the  fat 
or  the  carbohydrates. 

This  ability  of  gelatin  to  spare  the  proteids  is  explained  by 
VoiT  by  the  statement  that  the  gelatin  is  decomposed  instead  of  i 
part  of  the  circulating  proteids,  whereby  a  part  of  this  last  may  be 
organized. 

Gelatin  may  also  decrease  somewhat  the  consumption  of  fat, 
although  it  is  of  less  value  in  this  respect  than  the  carbohydrates. 

The  question  of  nutritive  value  ol peptones  stands  in  close  rela- 
tion to  the  nutritive  value  of  the  proteids  and  gelatin.  The  early 
investigations  made  by  Maly,  Plos'z  and  GYERaTAY,  and  Adaji- 
EiEWicz'  have  led  to  the  conclusion  that  an  animal  with  food 
which  contains  no  proteids  besides  peptones  may  not  only  preserre 
its  nitrogenous  equilibrium,  but  its  proteid  condition  may  even 
increase.  According  to  recent,  more  exact  investigations  of 
PoLLiTZER,  ZuNTZ,*  and  MuNK '  the  albumoses  and  peptones  have 
the  same  nntritive  value  as  proteids,  at  least  in  short  experiment!. 
According  to  Pollitzkr  this  is  true  for  different  albumoses  as  well 
as  for  true  peptone.  Contrary  to  this  view  VoiT*  is  of  the  opimon 
that  the  albumoses  and  peptones  can  replace  the  proteids  only  for  a 
short  time,  not  indefinitely.  According  to  VoiT  the  albumow 
and  peptones,  like  gelatin,  may,  by  their  ability  to  spare  proteid, 

'  PflQger's  Arch.,  B<1.  58. 

'  Cited  from  page  829. 

■  See  yiaXy'a  Ja1irea1>er ,  Bd.  19,  8.  853  u.  403. 

*  L.  c.  S.  391 
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entirely  or  nearly  arrest  the  coDBuiuptioD  of  proteid,  bat  caunot 
pass  into  prot«id. 

From  experiments  made  bj  Weissb  '  aad  otherR  on  herbirom 
it  uppoare  that  asparagin  may  epare  proteid  in  snch  aDiaiulg,  In 
carni?om  (I.  Ml'sk")  and  in  mice  (Voit  aad  Poutih')  it  waa 
found  that  asparagin  does  not  ecem  to  bare  any  eparing  action  on 
the  proteids,'  or  only  a  very  alight  action.  It  is  not  known  bow  it 
actK  ID  mun. 

KetaboliBm  on  a  Diet  oomiiting  of  Froteid,  with  Fat  and 
Carbohydrate.  Fat  cannot  arrest  or  prevent  the  metahoUsm  of  pro- 
teid»;  but  it  can  decrease  it,  and  so  spare  the  proteids.  This  is 
apparent  from  the  following  table  of  Voit,'  A  Is  the  average  for 
three  days,  and  B  for  six  days. 


■ 

Tablb  VIL 

F1«dt. 

V 

1500                0 

HHisbntiEetl        Oil  tine  Biidy. 
lolU                   -   Vi 
1474               +  -H 

According  to  Voit  the  adipose  tissae  of  the  body  acts  Wka  the 
food-fat,  and  the  proteid-sparing  effect  of  the  former  may  be  added 
to  tlmC  of  the  latUtr,  so  that  a  body  rioh  in  fat  may  not  only  remain 
in  nitrogenous  oquilibriiim,  bat  may  even  add  to  the  store  of  bodily 
protoids,  while  in  a  loan  body  with  the  some  food  containing  the 
aamo  amonnt  of  proteids  and  fat  there  would  be  a  loss  of  protoida. 
In  a  body  rich  in  fat  a  greater  quantity  of  protoids  is  protertod 
from  metabolism  by  a  certain  quantity  of  fat  than  in  a  lean  body. 

Because  of  the  sparing  action  of  fats  an  animal  by  the  addition 
of  fat  to  its  food  may,  as  is  apparent  from  the  tables,  iucreoso  its 
proteid  condition  with  a  qnatitity  of  meat  which  is  insufficient  to 
preserve  nitrogenous  equilibE'ium. 

Like  the  fats  the  carbohydrates  have  a  sparing  action  on  the 
proteids.  By  tlio  addition  of  carbuliyd rates  to  the  food  the  cartii- 
Tor  not  ouly  remains  in  nitrogenous  equilibrium,  but  the  same 
quantity  of  meat  wliioh  in  ittielf  is  insulliuient  and  which  without 

■  Zeitflclir  f.  Biologic.  Bdd.  Ifi  n.  17  uid  Ccfitnlbl.  I.  d.  med.  WisMQacli., 
1660.  S.  »IA. 

*  Vircliow-s  Arch.,  Bdd.  94  u.  S8. 
"ZeilacKr.  f.  Biolr«Io,  Bd.  28. 

*  See  M&olLLDur.  ibid..  Bd.  38.  aud  Oftbrie),  Ond..  Btl.  3ft,  ud  Voil,  iWd.,  8. 
13S. 

*  »ae  Volt  In  Unnnatma  Handbucti.  Bd.  6,  S.  laa 
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carbohydrates  wonid  caaae  a  loss  of  weight  in  the  body  may  witti 
the  addition  of  carbohydrates  prodace  a  deposit  of  protelds.  Thia 
is  apparent  from  the  following  table ' : 

Table  VIII. 
Food.  Ftenh. 


Heat. 

Fat. 

Sugar. 

Starcb. 

HeUboliied. 

Od  the  Bodj, 

500 

350 

S38 

-  58 

WW 

■   -  ' 

SOT 

-       4       . 

40fl 

+  84 

500 

300 

, 

606 

-    5 

800 

260 

145 

+  65 

600 

200 

778 

+  27 

200U 

-  -  , 

■  ■ . 

200-^ 

1792 

+308 

3000 

250 

... 

1883 

+117 

The  sparing  of  proteid  by  carbohydrate  is  greater,  oa  shown  by 
the  table,  than  by  fats.  According  to  VoiT  the  first  is  on  u 
average  9^  and  the  other  7^  of  the  administered  proteid,  withonta 
previous  addition  of  non- nitrogenous  bodies.  Increasing  qnaDtitiea 
of  carbohydrates  in  the  food  decrease  the  proteid  metabolism  more 
regularly  and  constantly  than  increasing  qnantities  of  fat. 

The  law  as  to  the  increased  proteii  metabolism  with  increa^ 
prnteid  supply  applies  also  to  food  consisting  of  proteid  with  fatund 
carbohydrates.  In  these  cases  the  body  tries  to  adapt  its  proteid 
metabolism  to  the  supply;  and  when  the  daily  calorie  sapplj  ii 
completely  covered  by  the  food,  the  organism  can,  within  wide 
limits,  be  in  nitrogenous  equilibnnm  with  difierent  quautitiei  of 
proteid. 

The  upper  limit  to  the  possible  proteid  metabolism  per  kilo  and 
per  day  has  only  been  determined  for  herbiTora.  It  is  not  known  for 
human  beings,  and  its  determination  is  from  a  practical  standpoiot 
of  secondary  importance,  \yhat  is  more  important  is  to  ascertain 
the  lower  limit,  and  on  this  subject  we  have  several  investigations 
on  man  as  well  as  animals  by  HiBscnpELD,  Kumaoawa,  Klem- 
PEitER,  MuNK,  RoaENUEiM,'  and  others.  It  follows  from  these 
investigations  that  the  lower  limit  of  proteid  needed  for  human 
beings  for  a  week  or  less  is  about  30-40  grma.  proteid  or  0.4-0.6 
grm.  per  kilo  with  a  bo  ly  of  average  weight,  v.  Noorden*  con- 
siilers  O.C  grm.  proteid  (assimilated  proteid)  per  kilo  and  per  dayu 
the  lower  limit.  The  al>ove-mentioned  figures  are  only  valid  for 
short  series  of   experiments;   still   we   have   the   observatioos  of 

<  Voit  in  Hermann's  Handbiicli,  Bd.  6,  S.  14S. 

•  Sf e  frtot-iKitBs  1-5,  I'age  680 

'  QrundriBs  eiaar  Uetlicxlik  der  Stoffw«chselaatenacIiaiig«ii.    Berlin,  18HL 
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E.  Voir  and  CoNSTANTiKint '  on  the  diet  of  n  vegetarian  in  whicli 
the  proteid  condition  was  kept  nearly  bnt  not  completely  maintained 
with  ahont  0.6  grm.  protciil  per  kilo. 

Accordinjj  to  Voit's  normal  figures,  which  will  be  epokeu  of 
below  for  the  nntriLive  need  of  man,  an  areroge  working  man  of 
abont  70  kilos  weight  on  a  mixed  diet  reqaireii  about  40  calories  per 
kilo  (two  c&loriefi  or  net  cahtriee,  namely,  the  comhuAlion  valae  ot 
the  aMimilated  foodti).  In  the  above  experiment  witli  food  very 
poor  in  proteid  the  demand  for  calorieii  was  con«idcrably  greater,  aa 
for  inBtanco  in  certain  cases  it  was  51  (RriiAOAWA)  or  oven  78.5 
calories  (Klrmpeber).  It  therefore  seems  oa  if  the  above  Tory  low 
supply  of  proteid  iras  only  potfeibte  with  great  waste  of  nou-nitrogen- 
ous  food;  but  in  opposition  to  thiA  wtt  must  recall  that  In  VoiT  and 
CoNi*TANTrxiDi's  experiment*  on  the  vegetarian,  who  for  years  was 
tised  to  a  food  very  poor  in  proteid  and  rich  iu  carbohydrate,  the 
calories  only  amotinted  to  43,7  per  kilo.  It  is  an  open  question 
how  a  nitrogenous  cqitilibriuin  can  exist  a)eo  ou  a  diet  very  poor  ia 
nitrogen,  when  the  need  of  calories  is  only  juet  covered  by  the  total 
supply. 

In  Ml'nk's  and  Rosenhkim's  experiments  on  dogs  the  food  poor 
in  proteids  must  have  raised  the  total  iiupply  of  citlories  coueider- 
ably.  These  ext>erimonts  ulao  teach  that  iu  dogs  tbe  continuous 
administrutiou  for  a  long  time  of  food  poor  in  proteid  has  an  action 
ou  the  health  of  the  animal  and  mny  even  cause  death.  In  the 
experiments  recently  published  by  Rosenheim,  which  extended  over 
two  months,  t  grms.  proteid  per  kilo  of  body  was  not  sufficient  to 
keep  the  animul  henlthy  although  the  heat  value  of  the  food  taken 
np  amonnted  to  110  calories  per  kilo. 

The  very  important  questjou  as  to  the  conditions  for  the  dc]>osi- 
tlon  of  fat  and  flesh  on  the  body  stands  in  close  connection  to  what 
has  just  been  sard  in  regard  to  foods  consisting  of  proteid  and  uon- 
nitrogenofis  food-stuCFs.  Id  this  connection  wo  must  recall  In  the 
first  place  that  all  fattening  presupposes  an  overfeeding,  i.e.,  a 
supply  of  food-stuffs  which  la  greater  than  that  metabolized  at  tbe 
same  time. 

In  carnivora,  as  shown  by  the  investigations  of  Voir  and 
PplCoer,  a  very  inconsiderable  metabolized  proteid,  in  proportion 
to  the  deposition  of  flesh,  may  take  pluoe  with  exclusive  meat  food. 
In  man  and  herbivora,  on  the  contrary,  the  demand  for  calories 

■  C.  Volt.  Saitflcbr.  f.  Biolo^le.  Bd. !». 
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may  not  be  covered  by  proteid  alone,  and  the  qaestion  as  to  the  con- 
ditiona  of  fattening  with  a  mixed  diet  is  of  importaoce. 

These  conditions  have  also  been  stndied  on  carnivora,  and  here, 
as  VoiT  has  shown,  the  relationship  between  proteid  and  fat  (and 
carbohydrates)  is  of  great  importance.  If  considerable  fat  is  given 
in  proportion  to  the  proteid  of  the  food,  as  with  average  qnantities 
of  meat  with  considerable  addition  of  fat,  then  nitrogenous  eqnilib- 
riam  ia  only  slowly  attained  and  the  daily  deposit  of  flesh,  though 
not  large,  bat  quite  constant,  may  be  considerable  in  the  course 
of  time.  If,  on  the  contrary,  much  meat  besides  proportionally 
little  fat  is  given,  then  the  deposit  of  proteid  with  increased 
metabolism  ia  smaller  day  by  day,  and  nitrogenons  equilibriam  ia 
attained  in  a  few  days.  In  spite  of  the  daily,  somewhat  larger 
deposit,  the  total  flesh  deposit  is  not  considerable  in  these  cases. 
The  following  experiment  of  Voit  may  serve  as  example: 


Tablb  IX. 


Nuiillwr  of  D.ijrs 
of  ExperiinenlH- 

Food. 

Total 

Deposit  of 

Flesh. 

Daily 

I>ep<MlC  of 

FWah. 

NIImKenoot 

tloii. 

Meat,  Krms. 

Fat,  grins 

Equilibrium 

83 

7 

600        \        2.jO 
1800       1       %m 

1793 
»04 

56 
122 

not  ATtainad 
attuned 

The  greatest  absolute  deposition  of  flesh  in  the  body  was 
obtained  in  these  cases  with  only  500  grms.  flesh  and  250  grms.  fat, 
and  even  after  33  days  tlie  nitrogenous  equilibrinm  had  not 
occurred.  On  feeding  with  1800  grms.  meat  and  250  grms.  fat  the 
nitrogenous  equilibrium  occurred  after  7  days;  and  though  the 
deposition  of  flesh  per  day  was  greater,  still  the  absolute  deposit  was 
not  one  half  as  great  as  in  the  former  case.  Inasmuch  as  the 
quantity  of  proteids  does  not  decrease  below  a  certain  amount,  it 
seems  that  the  most  abundant  and  most  lasting  deposition  of  fleab 
is  obtained  with  a  food  whicli  does  not  contain  too  mnch  proteids  in 
proportion  to  the  fat.  The  same  is  also  true  of  a  diet  consisting  of 
proteids  and  carbohydrates. 

The  experiments  of  Kruo  '  on  himself,  under  the  direction  of 
V.  NooRDEN,  give  us  information  as  to  the  practicability  of  flesh 
deposition  in  man.     With  abundant  food  (3590  cal.  =  44  cal.  per 

'  Cited  from  v.  Noorden's  Lphrbiicti  der  Path,  dee  Stoffweohsols.   Bcrlis. 
1893,  S.  120. 
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kilo)  Rbcu  wna  close  to  nitrogenous  eqiiilibriutii  for  six  days.  He 
then  iooreued  tlie  nutritive  supply  to  -1300  cal.  =  71  cal.  por  kilo 
for  15  (lava  by  the  addition  offiitiind  curbohydrute,  nnd  in  tliia  time 
300  grme.  protcid,  corresponding  to  1455  grm9.  fleKb,  vus  spared. 
Of  tiie  excess  of  ailtniniatered  culoriee  in  tliia  ciitie  only  5^  was  nsed 
for  Hesh  deposit  uiid  05^  for  fat  deijosit.  Aa  the  large,  excessive 
qaatitlty  of  food  was  only  tmiiKilorily  and  reluctantly  euton,  this 
experiment,  as  v.  Noordf.s  haa  correctly  emphaeiRed,  has  placed 
ilie  diflicnlty  of  flciih  deposition  in  another  light.  We  nitiat  admit 
vith  T.  NoonnRN  that  it  is  impoK<ible  to  produce  a  permanent  i^esh 
deponit  in  man  by  overfeeding,  and  that  it  is  not  posaille  to  make 
a  person  mnscle-strong  by  exceaaire  feeding. 

Flesh  deposition  is,  according  to  V.  Nookden,  a  fnnction  of  the 
Bpecitic  development  energy  of  the  cells  and  the  cell-work  to  a  mnch 
higher  extent  than  the  excetia  of  food.  Therefore  ne  observe, 
according  to  v.  NooaDHN,  almndant  flesh  deposition  (I)  in  each 
growing  body;  (2)  in  thogo  no  longer  growing  but  whase  body 
is  accustomed  to  increased  work  (hypertrophy  of  the  miiscle-t  by 
vork);  (3)  whenever,  by  previons  insiifHcicnt  food  or  by  diaeaae, 
the  flc^  condltmn  of  the  body  has  been  dtmintslicd  and  in  com- 
pensated by  abiiDdant  food.  The  deposition  of  flesh  i»  in  theee 
caseH  an  expresHion  of  the  r«generiLtive  energy  of  the  cells. 

The  experiences  of  cattle- raise rs  tdiow  tbiit  in  food<animalB  ft 
fe«h  deposit  does  not  occnr,  or  at  Ica^t  is  only  inc^onsiderahle,  on 
over-feeding.  The  individaality  and  tho  race  of  the  animal  is  of 
importance  for  tlesli  deposition. 

Aa  »  direct  formation  of  fat  is  denied,  and  if  it  doe«  occur  it  [g 
only  Tery  inaignificant,  the  most  essential  requisite  for  a  fat  deposi- 
tion must  be  an  overfeeding  with  nou-nitrogenons  nntritive  bodies. 
The  extent  of  fat  deposition  is  detorniined  hy  the  excess  of  admin- 
istered caloriea  over  tlio8«  iiaed.  If  a  large  part  of  the  caloric  do- 
maud  iii  covered  by  proteid,  then  a  greater  part  of  the  eirntdtune- 
ousty  given  non-nitrogenous  food-stnffa  is  spared,  i.e.*  n-ed  for  fat 
deposition.  But  as  prot«id  and  fat  are  expensive  nutritive  bodies  na 
compared  with  carbohydrates,  the  anpply  of  greater  quantil  its  of  car- 
bohydrates is  important  for  fat  deposition.  The  body  decomposes 
less  aubstance  at  rest  than  during  activity.  Qodily  i-est,  besides  a 
proper  combination  of  the  three  chief  groups  of  organic  foods,  is 
therefore  aUo  an  essential  requisite  for  an  abundant  fat  deposit. 

The  fat  formed  in  fat  deposition  originates,  as  stated  above^ 
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entirely  from  tho  carbohvUratcs  acconling  to  PflOogb's  docthoe. 
lu  tbis  fat-formatioD,  as  suggeated  by  Hakriot'  and  PflCokr,' i 
flfilitting  off  of  cHrbon  dioxide  lakes  place  from  the  carbobydraua. 
This  corbou  dioxide,  which  in  oxcBSfiive  feeding  with  carbohydretai 
IB  expired,  boa,  according  to  PflDqi^r,  &  double  origin.     It  b  in 
part  split  ofT  from  tlio  carbohydrates  in  the  rormation  of  fat,  and  it 
originateB  in  part  from  the  combnation  of  carbohydrateB.    This 
behavior  explains  the  circomatanco  that  after  partaking  large  qaan- 
titiea  of  carbohydrateB  the  roepiratory  fjootietit.  oa  first  ehown  by 
Hanuiot  and  then  also  by  M.  3i.iciutukl',*  wojs  raised  under  cJr- 
oumstuncos  to  1.2-1.3. 

Action  of  certain  other  Bodies  on  MetaboUnn.  Water.  If  i 
quantity  in  excess  of  that  which  \i  iicccsgary  is  introdnoed  into  tba 
organism,  the  excess  is  quickly  and  prinoipulty  elimioated  with  Lbe 
urine.  'Diis  iuureased  elimiuuttou  of  urine  causes  in  fasting 
aninmls  (VoiT,*  Fohstkr'),  but  not  to  any  appreciable  deigree  in 
animals  taking  food  ^Sbkoen,'  Salkowski  and  Munk,'  Matbi.* 
Dlukliu*),  an  increased  elimination  of  nrea.  The  reawn  for  thii 
tncreuaed  elimination  is  ironght  for  in  the  fat^t  that  the  abundaat 
drinking  of  water  cauHe^  a  complete  washing  oat  of  the  ureafrtm 
the  tissues.  Another  view,  which  is  defended  by  Voir,  is  thil 
becauBO  of  the  more  active  current  of  finids  after  taking  large  qaan- 
titiea  of  water  an  incrr-a^ed  metabolism  of  proteids  takea  plaoa. 
.Vo]T  con^idtTs  tills  explfumtion  tlie  correct  one,  although  he  doM 
not  deny  that  by  tlie  abundant  administration  of  water  a  more  oom- 
plete  wiwliing  out  of  the  urea  from  the  tisniies  takes  place. 

In  regard  to  the  action  of  water  on  the  formation  of  fat  and  iti 
metitlioliKni,  the  view  that  free  drinking  of  water  is  Favorable  for 
the  deposition  of  fat  Reem.'a  to  be  generally  admitted,  while  taking 
only  very  little  water  acfa  against  its  formation. 

Snlls.  The  excretion  of  nrine,  even  when  no  great  qnantitia 
of  vater  are  token,  is  increased  by  common  salt,  and  the  QlimiuatioD 

'  Conipt.  r*nd.,  ToDio  IH. 

•  l^nflgi^r'*  Arck,  Bd.  ri2.  S.  4Sl 
*i?j.d..  lid.  66. 
'  Unloriui-li.  Ober  den  EIofluHa  rfes  KochuIxM,  «le.     MQacbwt,  tSSOi 

•  Clt«d  from  Voit  in  Hcrniiait's  Iluidbuul),  Bd.  6,  S.  tOS. 

•  «irn   Sit3tnii(r»b«r. ,  IM.  68. 

»  Virrliow'sArcIi..  Bd.  71.  _ 

«  Zniixcbr  r.  klin.  Mi-il..Ba.  2. 

•  Zt-itwbr.  f.  Biologic,  Bd.  28 
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of  urea  ia  also  increased  at  the  name  time.  Tbe  iiua«  two  pomtibili- 
tiw  may  be  consider&l  for  thin  lost  aa  in  the  action  of  water  on  the 
excretion  of  urea.  Tlie  experiments  continued  for  a  long  time  by 
VoiT,  ia  which  the  absolute  iucrease  of  the  eliminntion  of  urea  waa 
oomiJerublo  (10(>  grms.  in  49  days),  render  the  conclusion  proUible 
that  common  salt  nomewhut  increaseti  the  metabolism  of  the  pro* 
teide.  F>L'ut:LiR  has  obtaiued  coQlrary  restilta  which  ho  confiidere 
yfm  doe  to  giving  the  animal  large  i|tiutilitios  of  common  ttalt.  Itia 
posaihle  tbiit  the  decompoeitiou  activity  of  the  coll^  may  be  redaced 
ou  giving  large  r|nautitiesof  salt.  Certain  other  suits,  such  upotoft- 
aiQtn  chloride,  eodinm  sitlphute,  aodiiim  phosphate,  eodiiiin  aoetate, 
saltpetre,  and  ammoninm  chloride,  ulso  aeem  to  uot  like  common 
salt.  Sodiom  borate  and  the  sodluui  salts  of  salicylic  and  benzoic 
acids  also  eoem  to  Iiuti>  an  increased  action  on  tbe  metabolism  of 
proteida. 

Aleoboi.  The  question  as  to  hov  far  the  alcohol  absorbed  in  tb« 
intestinal  canal  is  burnt  in  the  body,  or  whether  it  leaves  tho  body 
nncbangcd  by  various  channels,  haa  been  tite  subject  of  mnch  dia- 
cuasioQ.  To  all  appearances  Ihe  greatest  part  of  tho  alcohol  ig 
bornt.  According  to  Bodlamdeh,'  1.18^  of  tho  alcohol  taken  is 
fllirainaled  with  the  urine,  0.14^  by  tho  evaporation  from  the  skin, 
and  l.C^  with  the  expired  air.  The  remainder,  or  about  97j(,  is 
bamt  in  tbe  body.  As  the  aloohol  is  in  greatest  part  burnt  in  tbe 
body  and  baa  a  high  calorific  value  (1  grm.  —  7  cal.),  tlien  the 
qacation  arisen  whether  it  acts  sparingly  on  other  bodies,  and 
whether  it  is  to  be  considered  as  a  nutritive  body.  Tho  investiga- 
tions mode  to  decide  this  <][testion  hare  led  to  no  deciftire  result. 
In  the  experiments  on  the  elimination  of  nitrogen  in  human  beiugs 
Hometimes  a  diminished  (TTauuond,  E,  Smith,  Orshnihr),  Bome- 
limes  an  unchanged  (Pahkk.^  .ind  Wollowicz'),  while  ia  other 
caws  an  increased  (Forstkr  and  Romkyk  ')  elimiualiun  of  nitrogen 
was  observed  after  the  ailministmtion  of  siniiU  amounts  of  alcohol. 
In  the  recent  experiments  of  Staumreich  and  v.  N'oorukn* 
alcohol  could  only  rephice  the  isodyriitmJc  quantity  of  non-nitrog- 
eoous  food-staffs,  without  an   essential   influence  on  tbe  proteid 

•  PAOk't's  Arcb.,  Bd.  88. 

*  In  n>^nt  ta  thu  oldnr  InvraUgatinnfl  bm  Ttdt  lo  Hennono'd  Ilandbiicfa, 
Bd.  9.  8.  170. 

*M«ly'i(Jalirv.st>«r..  Bd,  17.  8.  UK. 

*▼.  Noardfla,  Alkolial  als  Spnrmittel.     Berlin,  kiln.  Wocb«nM:hr.,  1891. 
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condition  of  the  body,  in  a  food  richer  in  proteid  than  ordinarily. 
MiuuA  '  could  not  God  any  sparing  action  on  proteids  by  alcobol  in 
his  experiments,  and  according  to  him  alcoliol  cannot  replace  ihe 
Bpnriri^  action  of  carbohydrate  on  prntcid.     Fokkeh'  and  I.  Mt'NK* 
after  the  admin  Id  (ration  of  smuU  (quantities  of  alcohol  to  dogs  fuond 
a  diminished,  and  after  large  qnantltiee  an  increoaed,  roeubolian 
of  proteida.     Crn'miMiBN,    Xohrib,  and   E.   Shith*  make  the 
statement,  hosed  on  their  experiments  with  1.0,  i.3,  and  2.7  c  c. 
alcohol  per  kilo  of  dog  per  ilieni,  that  alcohol  acts  like  a  non- 
nitrogenous   nutritive   body    in   legan]    to   its  sparing  action  OD 
proteids. 

Many  observntionB  hare  been  made  on  animals  in  regard  totbe 
extent  (if  exrbangs  of  gas  after  taking  alcohol.  The  results  in  these 
cai.scs  are  somewhat  different,  depending  upon  the  size  of  dose  aDil 
the  kind  of  atiimil.  In  an  investigation  on  the  hnman  bckdy  Zcvn 
and  IJi;K!ifc;z,*  and  also  Geppkrt,*  observed  no  eascntial  change  in 
the  respiratory  exchange  of  gas  after  fimall,  non-intoxicaling  doMS 
of  alcohol.  As  alcohol  is  in  greatest  purl  bnrnt  np  in  the  body  anil 
the  exchange  of  gtui  is  iieverthelesfl  not  essentially  raised,  it  seemi 
as  if  the  alcohol  dimiuishes  the  combustion  of  other  bodies  and 
thereby  hiLS  a  t^pariiig  value.  Corresponding  to  thi^,  as  is  vel\ 
known,  a  deposition  of  fat  may  take  place  in  the  body  under  tlw 
influence  of  alcohol.  The  natricive  value  of  alcohol  uiay  bs  of 
essential  importance  only  in  certain  cases,  as  large  quantitiag  of 
alcohol  taken  at  once  or  the  continued  nse  of  snuUler  qaantilles  hss 
injurious  action  on  the  organism.  Alcohol  may  therefore  becou- 
sidereti  as  a  natritire  bo^-ly  only  in  exceptional  coses,  and  it  olbt 
wise  miiHt  be  considoi'ed  as  an  article  of  luxury. 

Coffee  aud  tea  have  no  positively  proved  action  on  the  ezcbi 
of  material,  and  tbeir  importance  lies  chioily  in  their  action  n{)Cd'' 
the  nervous  system.     It  is  iaipoi^aiblQ  to  enter  into  the  action  nf 
Torious  therapeutic  agents  upon  metabolism. 

■  ZoilKclir.  f.  kliD.  M«l..  Bd.  90.     Cftvd  frwn  Mtljr's  JobrMbw..  K.n. 
S.  461. 

'  Olk-d  from  Vnit  in  llnnnnnn'a  I[an<ltiu«li.  Bd.  B,  S,  170. 
«  thi  Drti8-Hcyruoi.d"»  .\rc.h.,  1S70.  S.  168. 

*  Joornftl  of  Pliysioloity,  Vol.  13 

*  Sr«  M«lj'«  .Iftl.n-»K.r..  Bd,  7.  S.  W3, 

*  AicL.  f.  PBtb.  u.  PL&rm.,  Bd.  U. 
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V.  The  Dcpcndpiirc  of  MetnbollHm  on  Other 
(.'uudiiioiis. 

Tlio  prerionsl;  nientioned  Bo-called  abstinence  ralne,  i.e.,  the 
«xteDl  of  metaboliam  witli  absolute  bcMHljr  reint  anrl  inuctirity  of  tUe 
iiitestiual  tract,  serres  be.«t  as  a  starting- point  for  the  study  of 
metabolism  unjer  varioiiK  external  cimimstftnce«.  The  metaboligin 
guiug  ou  under  these  conditions  leaJn  in  the  first  p1a<;e  to  the  pro- 
dacttou  of  heat,  and  it  is  only  to  a  HiiboriHnate  de^rree  dependent 
upon  the  work  of  the  circulatory  and  respiratory  apparatns  and  the 
Activity  of  the  glauds.  According  to  &  calcnlfttion  by  ZuxTX,' 
«uly  10-20^  of  the  total  calories  of  the  abstinence  value  belongs  to 
the  circalation  and  respiration  work. 

The  extent  of  the  abstinence  value  depends  in  the  first  place 
npon  the  beat  prodtictiou  neoensary  to  cover  the  loss  of  heat,  and 
this  heat  production  is  in  tnrn  dependent  npon  the  relationship 
between  the  weinht  of  body  and  the  surface  of  the  body. 

Weight  of  Body  and  Age.  The  greater  tlie  masa  of  the  body  the 
greater  the  absolute  conauniptiou  of  material;  while  on  ttie  con- 
trary, other  thtngBbeiug  equal,  a  small  iadividnal  of  the  same  epocies 
«f  animals  metabolizoa  absolutely  lei»,  but  relatively  more  as  com- 
pared with  the  unit  of  the  weight  of  the  body.  It  must  be  remarked 
that  we  moan  flesh  weight  wheu  we  say  hody  weight.  The  extent 
of  the  motaboliam  is  dependent  npou  the  tiuantity  of  living  celU, 
■and  a  very  fat  individual  therefore  deconipostw  less  eubatance  per  kilo 
than  a  lean  person  of  the  same  weight  of  body.  In  women,  who 
generally  have  less  bodily  weight  and  a  greater  quantity  of  (at  than 
men,  the  metaboliBui  in  general  is  smallor,  and  the  latter  l.s  ordi- 
narjly  abotit  \  of  that  of  men.  Othcrwitse  nvx  does  not  seem  to 
have  any  special  influence  on  the  exchange  of  material. 

The  essential  r«wi)[i  wliy  smoJI  animals  decompoeo  relatively  more 
anhstance,  i.e.,  as  calculated  on  the  kilos  oC  the  body,  than  lar^n)  ones 
is  that  the  smaller  animals  have  greater  bodiW  surface  in  proportion 
to  their  mass.  On  this  account  the  loss  of  bout  is  greater,  wtiioh 
causes  increased  heut  production,  i.e..  a  more  active  uiotabolistn. 
This  is  also  the  reiiaou  why  young  individuals  of  the  same  kind 
ahowa  relatively  greater  decomposition  than  older  ouos.    Robneu,* 

■  Citfvd  from  V.  Noordon'M  [^hrbuclt,  ntc.,  S.  87. 
*  Z«it.tchr.  f.  Biola^e.  Bdd.  SI  u.  It. 
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whom  we  have  to  thank  especially  lor  onr  knowledge  iu  regard  to 
the  bearing  of  the  relative  snrfacial  development  on  the  extent  of 
metabolism,  has  given  ns  the  following  table  on  tbia  point  with 
respect  to  man: 


Tablb  X. 


Calories  la 

94  Hours 

Calnrinper 

sfier  Sub- 

Caloriee  Id 

Surface  In 

Square 

Cractinr  the 

M  Hours 

Square 
Centfmetrea. 

OBnUmetn 

Heat  of  Com- 

per  Kilo. 

of 

bllfltiOD  of 

SorfWe. 

tbe  Feces. 

Children  weighing  4.08  kilos.. 

S«8 

91.8 

8013 

1221 

11.8   "     .. 

»S6 

81.5 

7191 

1343 

16.4   "     .. 

1218 

78  9 

7681 

1579 

23.7   "     .. 

1411 

69.5 

10166 

1389 

80.9  "     .. 

1784 

67.7 

12122 

1473 

40.4   ■'     .. 

2106 

62,1 

144»1 

1452 

Mui                "         87.0   "     .. 

2843 

42.4 

20805 

1399 

If  we  exclnde  the  smallest,  actively  growing  children,  in  whose^ 
case  special  conditions  gorern,  we  find  that  the  heat  prodaction 
for  the  nnit  of  surface  of  body  varies  only  a  few  per  cent  from  the 
average  of  1447  cal.  We  see  how  the  relative  extent  of  snrface 
decreases  with  an  increase  in  the  mass  of  the  body.  Correspondent 
with  this  the  metabolism  per  kilo  of  body  weight  also  decreases, 
and  it  is  smallest  in  adults. 

A  similar  result  was  obtained  by  Richet'  in  his  investigations 
on  the  elimination  of  carbon  dioxide  in  dogs  of  various  sizes,  as- 
elncidated  in  the  following  table: 

Tablb  XI. 


ATeruce  Welch  I 
of  Dody  ill  KlIoH. 

CO,  "limlnatetl  In 

QrammeH  pir  Kilo 

in  1  Hour. 

Surface  of 

Ho<lr  Id 

Square  Centimetres. 

COi  Himlnarfid  in 

Gntinmes  per 

lOW  Square 

CeDtimxIre*. 

24  0 

1.028 

9296 

2  65 

13.5 

1.210 

6272 

2.60 

11.5 

1.380 

6656 

2  81 

90 

1.506 

4816 

2.81 

6.6 

1.624 

3920 

2.69 

5.0 

1.688 

3282 

2  67 

81 

1.964 

2341 

2.71 

2.8 

2.266 

]9:J6 

2.70 

'  Areh.  de  Physiol.  (6),  Bd.  3. 
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The  raising  of  the  metitbolism  which  ia  necessary  to  oover  the 
Ices  oC  heat  because  of  tlie  relatively  larger  surfnoe  of  body  in  small 
aninuls  is  dae,  accordiog  to  ICichet,  to  the  infiiiettce  of  the 
nerroos  syateiii,  wiiich  may  bo  retinced  hy  chloral  hydrate.  In  the 
last  case  the  quantity  of  carbon  dioxide  produced  per  kilo  in  dogs 
of  rarious  sized  is  uoarly  tlie  same. 

The  question  whether  the  active  metabolism  in  yoniig  animals 
depends  upon  a  more  active  decomposition  in  the  cells  than  in  older 
animals  is  still  undecided. 

As  the  total  calories  exchanged  per  kilo  of  hody  weight  in  young 
animals  is  greater  than  in  older  ones,  this  difference  mutrt  be  seen 
in  measuring  as  well  the  exchange  of  gas  as  the  elimination  of 
nitrogen.  This  is  trtie,  and  we  give  here  CAHERBa's '  figures 
on  the  elimination  at  urea  in  ctiiUIreu. 

Tablb  XII. 

Am.  Wdftrtil  of  BAdy  In  Kilo*.  Ur«M  In  rnna. 

Pm-  Dor-  Per  Kll« 

l^TMn 10.eO  12.10  1.8S 

8       "    t».M  11.10  O.M 

8  "    16.30  12.87  0.7« 

7       ■'    18.80  M.oa  0.7S 

9  "    25.10  17.27  0.69 

181    •    aa.eo  n.Tft  om 

la       "    85.70  17.78  O.AO 

In  adnlts  weighing  about  70  kiloB  abont  30-35  grms.  nrea  per 
day  arc  eliminated,  or  0.5  grm.  per  kilo.  At  about  15  jeani  of  age 
the  destmction  of  proteida  |>er  kilo  u  about  the  somo  as  in  adulta. 
The  rolatiTcly  greater  metabolism  of  proteida  in  young  individuala 
is  explained  partly  by  the  fact  that  the  metabolism  of  material  in 
general  is  more  actire  in  young  animals,  and  partly  by  the  fact  that 
yoQQg  animals  are  as  a  rale  poorer  in  fat  than  those  full  grown. 

As  the  metabolism  may  be  kept  at  its  loweat  point  by  absolute 
rest  of  body  and  inactivity  of  the  intestinal  tract,  it  is  manifest  that 
work  and  the  taking  up  of  food  have  an  importaat  bearing  on  the 
extent  of  metabolism. 

lUst  and  Work.  Dnring  work  a  greater  quantity  of  poteutial 
energy  is  converted  into  living  force,  I.e.,  the  metabolism  is 
increased  more  or  less  on  acconnt  of  work.  ' 

Aa  explained  in  a  previons  chapter  (XI)  work,  according  to  the 
generally  accepted  view,  has  no  material  influence  on  the  elimi- 

■  SviiKihr.  f.  ttiologk.  BiJ<l.  16  ti.  •iO. 
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nation  of  nitrogen.  It  is  nevertheless  trae  tbat  aereral  inrestigaton 
in  certain  cases  have  obserred  an  increased  elimination  of  nitrogen; 
bat  these  observations  have  been  explained  in  other  ways. 

For  instance,  work  may,  when  it  is  connected  with  violent  move- 
ments of  the  body,  easily  canse  dyspncea,  and  this  last,  as  Fbak- 
KEL '  has  shown,  since  diminution  of  the  oxygen  supply  increase! 
the  proteid  metabolism,  may  cause  au  increase  in  the  elimioa- 
tion  of  nitrogen.  In  other  series  of  experiments  the  quantity  of 
carbohydrates  and  fats  in  the  food  was  not  sufiicient;  the  siippl; 
of  fat  in  the  body  was  decreased  thereby,  and  the  destruction  of 
proteids  was  correspondingly  increased.  Work  may  also  increase 
the  appetite,  and  an  increase  in  the  elimination  of  nitrogen  may  be 
caused  by  the  greater  quantity  of  proteids  taken.  According  to 
the  generally  accepted  views  moscalar  activity  has  hardly  any  infla- 
ence  on  the  metabolism  of  proteids. 

On  the  contrary,  woik  has  a  very  considerable  influence  on  the 
elimination  of  carbon  dioxide  and  the  consumption  of  oxygen.  Tbia 
action,  which  was  first  observed  by  Latoisies,  has  recently  been 
confirmed  by  many  investigators.  Petteneofbe  and  Voir*  hara 
made  investigations  on  a  faU-growa  man  as  to  the  metabolism  of 
the  nitrogenous  as  well  as  of  the  non 'nitrogenous  bodies  daring  reet 
and  work,  partly  while  fasting  and  partly  on  a  mixed  diet.  The 
experiments  were  made  on  a  full-grown  man  weighing  70  kilos. 
The  results  are  contained  in  the  following  table: 

tabls  xni. 

Consutnptiuu  of 


FroMlda.  Fat.    CarbohydrnteB,    CX),  «liinIiULted.      O  cc«iaiiiiMd- 

„    ,.  (Best       79        209  ...  716  761 

Mw  A  Ai^S  Re»t     137  72  352  912  831 

""^  *""  ^  Work  137        178  .852  1209  980 

In  these  cases  work  did  not  seem  to  have  any  ioflnence  on  the 
destruction  of  proteids,  while  the  gas  exchange  was  considerabl; 
increased. 

ZuNTZ  and  his  pupils  Lehmann'  and  Katzbnsteik*  bsvt 
made  very  important  investigations  on  the  extent  of  the  exchange 

'  Virchow'fl  Arch..  Bdd.  87  u.  71. 
■  Zeitechr.  f.  Biologie,  Bd.  2. 
*  Male's  Jahreaber.,  Bd.  10,  8.  418. 
*PflQger'9  Arcli..  Bd.  49. 
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of  gas  M  a  measnre  of  metaboIisTn  dnring  work  and  cansed  by  work, 
nsing  ZrsTZ-OKPPKRT's  method  (nee  page  r>f)4).  These  iii»e«tigi*- 
tiona  not  only  show  the  importfttn  influence  of  mnscalar  work  r>ii  the 
decoRipoaition  of  material,  but  thoT  also  show  in  a  very  instrnutiTB 
war  the  relationship  between  the  extent  of  metabolism  of  nittterial 
iind  nsefiil  work  of  varioas  kinds.  We  can  oiilj  refer  to  these  im- 
portant inreatlgationA,  which  are  of  special  physiological  interett. 

Tjbid  action  of  mnscnlar  work  on  the  gaa  exchange  does  not 
.■lone  appear  with  hard  work.  From  the  reflearche^s  of  Speck,'  who 
has  also  made  very  incritorioQS  stadiei  on  the  exchange  of  gas 
in  man  under  rarions  conditions,  we  learn  that  eren  very  amall, 
apparentlj  quite  unessential  morements  maj  increuBe  the  prodao- 
tion  of  carbon  dioxide  to  sach  an  extent  that  bj  not  obeerring  these, 
aa  in  nomeroDS  older  experimento,  very  considerable  errors  may 
creep  in. 

Tlie  quantity  of  carbon  dioxide  eliminated  daring  a  working 
period  is  uniformly  greater  than  tho  quantity  of  oxygen  taken  np  at 
the  same  time,  and  hence  a  raising  of  ilie  respirutury  quotient  was 
formerly  nsnally  considered  as  caaaed  by  work.  This  rise  does  not 
to  be  based  npon  the  kind  of  chemical  processes  going  on 
'idnring  work,  as  we  hare  a  series  of  experiments  made  by  ZrsTz, 
Lebmanx,  and  KATZKysTElM  in  which  the  respiratory  quotient 
remained  almost  wholly  unuUuuged  in  spite  of  work.  According  to 
LOEWY '  the  combustion  processes  iu  tho  animal  body  go  on  in  the 
tame  way  in  work  as  in  rest,  and  a  raising  of  the  respiratory  quotient 
(irrespective  of  the  transient  cliango  in  the  respiratory  mechanism) 
takes  place  only  with  insiifticient  supply  of  oxygen  to  the  muscles,  iis 
in  eontinuons  fatigning  work  or  nhort  excessive  muscular  aclirity, 
also  with  local  lack  of  oxygen  caused  by  excessive  work  of  certain 
groups  of  muscles.  This  varying  condition  of  the  respimtorv 
quotient  has  been  explained  by  K^TZENtititJV  *  by  the  statement 
that  during  work  two  kinds  of  chemical  processes  act  side  by  niile. 
The  one  depends  upon  the  work  which  is  connected  with  the  pro- 
duction of  carbon  dioxide  also  in  the  absence  of  free  oxygen,  while 
the  other  brings  about  the  regeneration  which  takes  place  by  the  tak- 
ing ap  of  oxygen.  When  tliese  two  chief  kinds  of  chemical  pmceases 
make  the  same  progress  the  respiratory  quotient  remains  unchanged 


I  Speck,  PLyaiolo£i«  des  meuscbUchen  AlUmeos. 

*  PflO^r'B  .\rcli..  Bd   49. 

•  Ibid..  Bd   4d. 
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dnring  work;  if  by  hard  work  the  decomposition  is  increaaed  at 
'compared  with  the  Tegeneration,  then  a  raising  of  the  respiratory 
quotient  takea  place. 

In  sleep  metabolism  decreases  as  compared  with  that  daring 
waking,  and  the  most  essential  reason  for  this  is  the  mnscDlar 
inactivity  during  sleep.  The  investigations  of  Rubneb  '  on  a  dog, 
and  of  LoBWY  *  on  hnman  beings,  teach  ns  that  if  the  muscnlar  work 
IB  eliminated  the  metabolism  daring  waking  is  not  greater  than  in 
sleep. 

The  action  of  light  also  stands  in  dose  connection  to  the  qnestion 
of  the  action  of  muscalar  work.  It  seems  positively  proven  that 
metabolism  is  increased  under  the  inflaence  of  light.  Most  investi- 
gators, snch  as  Speck,*  Loeb,*  and  Ewald,*  consider  that  thia 
increase  is  dae  to  the  movements  caused  by  the  light  or  an  increased 
muscle  tonus.  Fubini  and  Benedicenti  *  assume  that  the  in- 
crease in  metabolism  due  to  light  is  independent  of  the  movements. 
The;  base  this  assamption  on  experiments  made  on  hibernating 
animals. 

Mental  activity  does  not  seem  to  have  any  inflaence  on  meta- 
bolism. 

Action  of  the  External  Temperature.  In  cold-blooded  animals 
the  prodaction  of  carbon  dioxide  increases  and  decreases  with  the 
rise  and  fall  of  the  sarronnding  temperature.  In  warm-blooded 
animals  this  condition  is  the  reverse.  By  the  investigations  of 
LunwiG  and  Sanders-Ezn,  Pflugeb  and  his  pupils,  and  Duke 
Charles  Tueodoue  of  Bavaria  and  others,'  it  has  been  demon- 
strated  tliat  in  warm-blooded  animals  the  change  in  the  external 
temperature  has  different  results  according  as  the  animal's  own 
beat  remains  the  same  or  changes.  If  the  temperature  of  the 
animal  sinks,  the  elimination  of  carbon  dioxide  decreases ;  if  the  tem- 
I>erature  rises,  the  elimination  of  CO,  increases.  If,  on  the  contrary, 
tlio  temperature  of  the  body  remains  unchanged,  then  the  elimins- 
tion  of  carbon  dioxide  increases  with  a  lower  and  decreases  with 

*  Ludwig.  Festschrift.  1887. 

*  Berlin,  klin.  Wochenscbr.,  1891,  S.  484. 
*L.  c. 

*  PflQger'a  Arch..  Bd.  48. 

*  Journal  of  Physiol..  Vol.  18. 

*  Bee  Male's  Jahresber.,  Bd.  22.  8.  895. 

^  The  jXTtinent  litarnture  iiia>-  be  toaad  c)t0d  bj  Voit  in  BenDua'i  Haitd- 
bncb,  Bd.  6,  and  also  bj  Speck,  1.  c. 
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a  higher  external  temperatare.  This  fact  may  be  explainerl, 
according  to  PflOoer  and  ZcN'T?.,  bj  the  gtatcmcnl  that  the  low 
temperature,  bj  exciting  a  reflex  action  in  tlie  senftitise  nerves  of 
tlie  skin,  cauaes  an  increased  metabolUin  in  the  tnuscles  with  au 
increased  production  of  beat,  uffectiug  the  temperatare  of  the  body, 
while  with  a  higher  externul  tompurature  the  reverse  takes  place. 
The  exporimoQts  made  on  aninials  are  sontewbat  nncertairi  for 
several  reaaoos,  bnt  the  detemiinutions  of  the  oxygen  absorption,  a8 
well  as  the  eliminatiou  of  CO,,  made  by  vSpfj-'K'  and  Lokwy'  on 
huuiaa  beiugs,  have  shown  that  cotd  does  not  prodnce  any  essential 
increase  in  the  inelabolisni  of  man.  Tlie  irritation  cansed  by  cold 
may  refluxly  caueo  a  forced  rcBpimtioD  with  an  action  on  the 
gas  exchaugfif  and  weak  reflox  muscalar  moveraoute,  aaeh  as 
ehirering,  trembling,  etc.,  may  cause  an  insigniQcaut  increase  in  the 
elimiuutiori  of  carbon  dioxide;  in  complete  muscular  iuacttrity  cold 
Hsems  to  R&UBO  no  increased  absorption  of  oxygen  or  increased 
inctalwItBui.  According  to  Lokwy  the  most  essential  thing  in  the 
regulatioQ  of  boat  under  the  inHueuco  of  cold  is,  not  au  incriHi8ed 
prodaction  of  beat,  but  rather  a  diminiehod  loss  of  boat  by  contrac- 
tioQ  of  tho  fckiu  and  its  vessels. 

Metabolism  is  iiierenseil  by  the  partaking  of  fvod,  and  Zt;sTz' 
baa  calculated  that  in  man  the  consumption  of  oxygen  is  raised  on 
an  average  15^  for  itbont  6  hoors  after  taking  a  moderately  hearty 
moai.  This  increase  in  the  m^itabolism  is  caused,  according  to  the 
generalty  accepted  view  of  8pf:c;k,  probably  only  by  the  increased 
work  of  tlie  digestive  apparatus  on  the  partaking  of  food.  FicK  ' 
claims  chat  the  iiicroatted  metuholit^m  is  due  to  the  oxidaunn  of  tho 
ciroiilating,  combustible  material  (proteid).  This  view,  as  shown 
by  J[ai;nus-Lkvy,'  is  not  correct;  btit  atill  Lkvy  inclhiea  to  the 
view  that  hestdee  the  digestion  work  the  proteida  may  possibly  also 
have  a  specific  exciting  action  on  metabolism. 


»L,e. 

•Pflnser'a  Areh.,  Bd.  4«. 

'  Zuiiix  and    l-ovy,  Itoitrsg   nir   KenntniM  d«r  VerdauUclikeU,  etc.  dee 
BrodPV     lflligBr'9  Arch..  Bd.  49. 

•Bitxung-ber.  d.  WQntb.  pli7»..minl.  I)<wll8cli..  \m). 

•  PtlQ^r'»  Arch.,  U<I.  65,  cantaias  [b«  p«nin«Dt  literaiura. 
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Various  atteotpU  have  been  made  to  determine  the  dailr 
quwitiLy  ot  or^iiic  fwod  needed  hy  roan.  Oert&Jn  investijiaton 
bave  calculated,  front  tbe  total  coQ^umptioD  of  food  bv  a  large 
ntimbor  ol  Bimilftrly  fed  indiviiinale,  soliliera,  sailors,  laborers,  etc., 
tbe  average  quantity  of  food  required  per  head.  Otbers  hare  oU* 
culated  the  daily  demand  of  fond  from  the  quantity  of  carbon  and 
nitrogeu  in  tbe  excreUi.  Othera  af^ain  linve  calculated  the  quantity 
of  imtritive  material  in  a  diet  by  which  aa  eqailibi-iutn  was  aiain- 
tained  in  tlio  individnal  for  one  or  ueveral  days  between  the  cob- 
aumption  and  elimination  of  cnrbon  and  nitrogen.  Lastly,  others 
Btill  have  quantitatively  determined  during  a  period  of  Mvend  daji 
the  organic  nutritive  snbstauces  consnmed  daily  by  persons  of  rari- 
008  occupationii  who  chose  their  own  food,  by  which  they  were  waQ 
couriatted  and  rendere<l  fnlly  capable  of  labor. 

Among  these  methods  a  few  are  not  quite  free  from  repronch, 
and  othent  have  not  &»  yet  been  tried  on  a  sutficiently  largo  scale. 
NeverthQloBs  the  experin^ents  collected  thus  far  serve,  part^ 
becanse  of  their  iiamber  and  partly  beoaase  of  the  methods,  to 
correct  and  control  one  uiiother,  and  also  serve  aa  a  good  starting' 
point  iu  determining  the  diet  of  vurions  "hiagm  sad  eimilir 
queatiuns, 

If  tliL'  quantity  of  nutritive  Hiibstatuie  taken  daily  be  coDTcrted 
into  cuJories  produced  during  physiological  oombaatiOD,  we  tlieo 
obtain  donio  idea  uf  tbe  sum  of  tbe  cliemical  potential  energy  which 
under  varying  coudilious  is  introduced  Juto  the  body.  It  mast 
not  t>e  furgirtteu  thai  tliu  fund  its  never  completely  abBorhcd,  and 
that  undigested  or  uciabunrbed  reuidueB  are  always  expellod  from 
the  body  with  the  fi&cca.  'I'lie  grotut  results  of  calories  culcnlated 
from  the  food  taken  must  therefore,  according  to  Kuknkh.*  be 
diminished  at  least  S<. 

The  followiug  summ^y  contains  certain  examplee  of  the 
quantity  of  food  which  is  consumed  by  indiridualtiof  various  dasBM 
uudcr  difforoat  conditions.  In  the  taet  colnmii  we  also  And  the 
qnanttty  nf  living  force  which  corresponds  to  the  quantity  of  food 
in  queatloQ,  oaloolatod  as  calories,  with  the  abore-fitaied  correction. 

•  Z»liBcl>r.  f,  Biolngle.  Bd.  21.  &  S». 
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'  TOi^Saloriofl  are  tlierefore  net  resulta,  while  the  Qguran  for  the 
nDtritivc  bodiee  arc  ^rosa  reeulta. 

Tablk    KIV, 
ProMld*       Foi,   hjarlll^CftJoriM.  Auihorfiy. 

8oldJ«rdariDR  p«*ce....   119  40  5:^9  37M  Hlavkaiu.' 

IgbiBcrvice.....   117  85  <47  3424  HlLDBeiiEm. 

"       Infield. 140  46  fi04  St)53 

Ubnror . .  11W  40  ViO  394)8  Molkmhott. 

at  rest  137  73  353  SJ.18  Pkttknkofer  k  Voir. 

Cabinet  maker  (4C>7ear8}.   I2L  «H  4B4  2Ha!l  Fi)Hatkk.> 

Voun^  pliyaiciBO 127  8t»  Sua  2«()'J             " 

134  IftJ  8»3  SJ7e 

LftlMKr m  9a  423  liO":^ 

4Kli:>ii  smith ITO  71  «tHt  »7NU  It.ATrAtK. 

pu;.'i]uit -im  m  93  'iWi 

Bavarian  wimrl-cbopper..  l»a  2ilS  ($76  S>Stf9  LlKiilo. 

Ij^lxitrr  in  Si!i<--<ia. tiO  IR  firiS  S:,|8  MciVRftT.* 

S«attistr«M  til  Loiidoa. . .     J4  29  3»2  tH^  pLATr.vni. 

8wmli)il]   laborer. \U  79  495  B019  UcLTiiiituf  A  Lahder- 

J^lianofteaiudpnt S8  U  BSi  S779  Kijj£Mas.»         (hiibm.* 

ii|jo]>mBn 65  6  m*  1744  Tawaka.' 

It  IB  evident  that  persous  nf  ensentially  diflereiit  weight  of  body 
who  live  imder  unequal  externa)  L-oniiitions  muat  need  e»4eDtially 
dillereut  food.  It  ja  uUo  to  be  exj^eeted  (:ui<l  thi»>i  is  confirmed  by 
the  tabic)  thul  not  only  the  absolute  quantity  of  food  coDaumed  by 
Tiiriourt  persous,  bat  al^io  the  relative  proportion  of  the  various 
orgimic  nutritive  substancoti,  atiows  coDHidembiti  variution.  Itesults 
for  the  daily  need  of  baniim  beings  in  general  cannot  be  given. 
I'or  certain  olotuiett  of  buomu  beiugii,  eiucb  ns  Boldierm,  laborers,  etc., 
reKuUi]  may  be  given  which  are  viiluublc  fur  the  culculutiou  of  the 
daily  ratiooa. 

Baaed  on  extoueive  inveetigatioiis  and  a  very  wide  experience. 
Voir  bus  proposed  the  following  average  rjiiautities  for  the  daily 
diet  of  adults: 

PrnicMs.  rat.  Ckrbabydfmtaa.  Oalorlw. 

Portuen lIH|[rmB.         AS  grmit.         SUA  gritiiii.         SyiO 

Out  it  should  be  remarked  that  these  atatemente  relate  to  a  man 
weighing  "0  to  75  kilos  and  who  waa  engaged  daily  for  ten  hours 
in  not  too  fatiguing  labor. 

■  [n  n?iranl  to  the  oldor  rmaanboa  cIuhI  Id  tbb  ubl«  w«  nf»r  ibe  nadcr 

to  Voii  ill  llcrmauu'a  Handbuuli.  Bd.  6.  S.  61fi. 
'  ttiid.  (uiil  Zi-tt-trbr.    I.  lllc.lc>gli>,  Brl.  &, 

*  Amicr-  unil  Volkscmfllirnng,      (lerli'i,  1880. 

'  Invphli^ationa  uu  the  UtoA  of  i^wt^JisiL  lalmrers  with  fnw  a«]«cted  diet, 
ijuickliuhu,  IIJ91. 

*  L'itwi  ttom  Kolucr  kod  Mori  in  Zeitubr.  f.  Biologic,  Ud.  35. 
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The  qoantity  of  food  required  by  a  woman  engaged  in  moderate 
work  is  aboul  }  that  of  u  laboriDg  man,  and  we  majr  ooiuider  tb« 
following  as  a  doily  diet  wiUi  moderate  work: 


Kor  woman IX  gniu.        45  grmi. 


MOgrnu.        2£40 


Tlie  proportion  of  fat  to  carbobydrates  18  here  as  1  :  8-9.  Bach 
a  proportion  occnrs  often  in  thu  food  of  the  poorer  claasea,  while 
the  ratio  in  the  food  of  wealthier  persons  i«  1  :  3— L  The  maximum 
quantity  of  carlwhydrates  in  the  food  nmet,  aci^ording  to  Voit,  not 
be  above  bW  gmia. ;  and  oh  the  carbohydrates  besides  con«titute  the 
chief  part  of  the  often  very  bulky  vegetable  foods,  it  has  been  sug- 
gested and  is  desirable  on  this  and  other  gronnds  to  increase  the 
quantity  of  fiit  at  tlie  expense  of  the  carbohydrates  in  sDch  ratiooi. 
But  because  of  the  high  price  of  fat  such  a  modifioation  cannot 
always  be  made. 

In  examining  the  above  numbers  for  the  daily  rations  it  muit 
not  be  forgotten  that  the  Bgui-es  for  the  various  nntritire  bodies  are 
gross  results.  Tliey  corisequeiilly  represent  the  qtiaotity  of  the 
nutritive  bodies  whicit  must  bo  taken  in,  and  not  those  which  are 
reully  absorbed.  The  ligureB  for  the  calories  are,  on  the  conlraiy, 
net  results. 

Tlie  various  foods  are,  as  is  well  known,  not  equally  digested  and 
absorbed,  and  In  general  the  vegetable  foods  are  less  completely 
nsed  up  than  uniitial  foods.  Tills  is  especially  true  of  the  protfidi. 
WliQii,  therefore,  VoiT,  as  above  at^ited,  calculates  the  daily 
quantity  of  proteids  needed  by  a  laborer  as  IIS  grms.,  he  starts  with 
the  snpposiLiuu  that  the  diet  is  a  niixeJ  niiintal  an  I  vegetable  ooSi 
and  also  tliut  of  the  above  im  grms.  about  lOO  grtn».  arc  absori)ed. 
The  results  obtained  by  Pfllqeii  and  his  papiU  BLEiRTRBt' '  and 
UoHLA^n'  for  tiie  extent  of  tlio  niotaboligm  of  proteids  in  man 
villi  uu  upliunal  and  eufllciont  diet  correspond  well  with  the  above 
figures,  when  the  unequal  weight  of  body  of  the  rarioua  persoM 
experirnpnled  upon  is  sufticiontly  coufuderod. 

As  a  rule,  tlio  more  exclusively  a  vegetable  food  is  employed, 
the  snndler  is  the  quantity  of  proteids  iu  the  same.  The  strictly 
regetabte  diet  of  certain  people,  as  of  the  Japanase  and  that 
of  the  so-callod  vegetariatis,  is  therefore  a  proof  that,  if  the 
quantity  of  food  he  snfiicient,  a  person  may  exist  on  oonaiderably 

'  I^flUjrcr'n  Arch.,  BO.  SS, 
•  Ibid..  Bd.  as. 
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Hinollor  qnantities  of  prot«i(lH  than  Voir  snggeets.  It  follows  from 
the  inrostigations  of  HiBSCHFBtD,  Kumaoawa,  antl  Klrupfirkb 
(see  page  6:(S)  that  a  uearly  complete  or  indeed  a  complete  nitrog- 
enous cq'iilibrinm  niay  he  attaiued  by  the  8iiffi-;ient  administration 
of  non-nitrogetioas  nutriUve  bodies  with  relatively  very  stoall 
qnantities  of  proteids. 

If  we  bear  iit  mind  that  the  food  of  people  of  different  oonntriee 

■  varies  greatly,  and  that  the  jndividnal  also  taken  essentlnlLy  ditfereiit 
Donrisli men t  according  to  the  externa)  conditions  of  living  and  the 
infiuerico  of  climate,  it  is  not  remarkable  that  a  person  accujttomed 
to  a  mixed  diet  cannot  exist  for  a  long  time  on  a  strictly  regetahle 
diet  de&cient  in  proteids,  even  though  not  especially  difficult  to 
digest.  No  one  donbta  tbo  ability  of  mm  to  a<Itipt  himself  to  a 
heterogeneously  composed  diet  vhen  this  is  not  too  difficult  of 
digestion  and  is  suflicient;  but  this  ability  does  not  seem  fiutTioient 
reason  for  e^JMutially  altering  the  figures  suggested  by  Voir. 
Althongh  man  may  be  satisGed  under  certuin  circnmst&nces  with  a 
lower  quantity  of  proteid  than  that  cialcuhited  by  V'ott,  still  it  does 
not  follow  that  sncli  a  diet  is  also  the  moat  serviceable.     VoiT's  fig- 

1  area  are  only  giren  for  certain  zma  or  certain  categories  of  human 
betng&  It  i<&  apparent  that  other  figures  must  he  tdkeu  for  other 
coses,  aud  it  is  evident  that  tbo  daily  ration  given  by  Voir  us  neces- 
sary for  a  laborer  must  be  altered  slightly  for  other  countries  because 
of  the  existing  conditions  in  middle  Europe,  whore  VoiT  made  his 
investigations.     Fore:cample,  Hulkibi^x  and  Laxdekgru.v  liave 

■  shown  in  very  careful  investigations  that  the  laborer  in  Sweden  with 
moderate  work  and  an  average  body  weight  of  lO.'i  kilos,  with 
optional  diet,  partakes  134  gvim.  proteid,  79  grms.  fat,  aud  528 
grms.  carbohydrates.  The  quantity  of  proteid  partaken  of  U  horo 
greater  Chan  is  neccEsary  according  to  Voit. 

If  wo  compare  the  figures  of  Table  XIV  with  the  average  figures 
proposed  by  Voit  for  the  daily  diet  of  a  laborer,  it  wonld  seem  at 
the  flrst  glance  as  if  the  conaumed  food  in  certain  cases  was  coa> 
siderably  in  excess  of  tho  need,  while  in  other  cases,  as  for  instance 
for  the  seamstress  in  Loudon,  it  was  entirely  insufficient.  A  posi- 
tive GoncUisiou  cannot,  therefore,  be  drawn  if  we  do  not  know  the 
weight  of  the  boJy,  as  well  as  the  labor  performed  by  the  person, 
and  also  the  conditions  of  living.  It  is  certainty  true  that  the 
amonnt  of  nutriment  required  by  the  body  is  not  directly  propor- 
tional to  the  hodily  weight,  for  a  soioll  body  consumes  relatively 
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mora  snbstance  than  a  la^er  one,  and  rarying  quantities  of  fat  may 
also  cause  a  diSerence*,  bnt  a  large  body,  vbich  mast  maintain  a 
greater  qaantity,  conenmea  an  absolntely  greater  quantity  of  sab- 
stance  than  a  small  one,  and  in  estimating  the  nntritive  need  one 
must  also  always  consider  the  weight  of  the  body.  According  to 
VoiT,  the  diet  for  a  laborer  with  70  kilos  bodily  weight  reqnires  40 
calories  for  each  kilo. 

Ab  several  times  stated  abore,  the  demands  of  the  body  for 
nourishment  vary  with  its  varying  conditions.  Among  these  con- 
ditions two  are  especially  important,  namely,  tabor  and  rest. 

In  a  prerions  chapter,  in  which  mnscular  labor  was  spoken  of, 
it  was  seen  that  the  generally  accepted  view  is  that  non-nitrogenou 
food  is  the  most  essential,  if  not  ihe  exclnsive,  source  of  muscular 
force.  As  a  natural  sequence  it  is  to  be  expected  that  in'  activity 
the  non>nitTogenous  foods  before  all  must  be  increased  in  the  daily 
rations. 

Still  this  does  not  seem  to  hold  true  in  daily  experience.  It  ii 
a  well-known  fact  that  hard-working  indiridaats — men  and  animals 
— require  a  greater  quantity  of  proteids  in  the  food  than  less  active 
ones.  This  contradiction  is,  however,  only  apparent,  and  it 
depends,  as  Voit  has  shown,  npon  the  fact  that  individuals  used  to 
violent  work  are  more  mnscular.  For  this  reason  a  person  perform- 
ing severe  muscnlar  labor  requires  food  containing  a  larger  propor- 
tion of  proteids  than  an  individual  whose  occupation  demands  less 
violent  exertion.  Another  question  is,  how  shonld  the  relative  and 
absolute  quantity  of  food  be  changed  if  increased  exertion  be 
demanded  of  one  and  the  same  individnal  ? 

An  answer  based  upon  experience  may  be  found  in  statistics 
concerning  the  maintenance  of  soldiers  in  peace  and  in  war.  Many 
SLich  statements  are  obtainable.  In  a  critical  examination  of  the 
s  ime  it  is  found  that  in  war  rations  the  quantity  of  non-nitrogenom 
bodies  us  compared  to  the  proteids  is  only  increased  in  exceptional 
cases,  while  usually  the  reverse  is  the  case.  Even  in  these  cases  tlie 
actual  proportion  does  not  correspond  with  the  theoretical  demand, 
npon  which,  however,  too  great  stress  mast  not  be  placed,  since  in 
the  case  of  soldiers  in  the  field  many  other  circumstances  are  to  be 
cousidered,  such  as  the  volume  and  weight  of  the  food,  etc.,  etc., 
which  cannot  here  be  more  closely  discussed.  The  following  table 
■bows  the  average  results  of  soldiers*  rations  in  war  and  peace  from 
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tho  datA  given  for  rarionB  countries.'     These  average  results  also 
include  tlie  figures  for  Sireden. 

Tabi.r  XV. 

A.    Pmoo  lUclon.  B.    W»r  lUtlon. 

Prot«i<lR.   FBI.  C«rb.  Procvlda.  F»t.  C»ri>. 

Mintrauin lOB        -22  504  128        S8  484 

HUximom 105        97  731  197        95  688 

Mean 130        40  Ml  U«        fi9  5fi7 

aw.-d«n  (propnsed)....   179      103  691  30*3      137  565 

if  we  ilo  not  consider  the  very  abnndaiit  mtiona  proposed  for 
the  soldier  in  Swedeu,  and  iC  we  only  adhere  to  the  alcove  meaa 
fignreDf  we  obtain  the  following  results  for  the  daily  ratiouit: 

PruMJ*.         Fm.  Ckrb.  Caloiin. 

In  p««c« 180  40  561  2900 

lD««r 146  59  657  KM 

If  wo  calculate  the  fat  in  lU  cqnirnJent  (jnautttv  of  atarob,  then 
the  relation  of  the  proteids  to  the  non-uitrogeaoas  foods  ia: 

In  pt«c« 1:4.97 

Id  war : 1.4.79 

The  proportion  U  nearly  the  same  in  both  cams;  the  slight 
difference  which  occurs  ghowii  a  trilling  relative  increase  iti  the 
proteiiU  in  the  war  ration.  On  the  contrary,  aa  in  cflpeciallj 
apparent  from  tho  total  of  the  calories,  the  total  quantity  of  nntri- 
tire  bodies  is  greater  in  the  war  than  in  tho  peace  raiion. 

As  more  work  rcquiroa  an  increoao  in  cho  absolute  qnantity  of 
fooit,  BO  the  quantity  of  food  mnat  be  diminished  when  little  work 
Is  performed.  The  qnoation  iis  to  how  far  this  can  he  done  is  of 
Importance  in  regard  to  the  diet  in  prisons  and  poorhouses.  We 
give  below  the  following  as  example  of  snch  diets: 

Tablb  XVI. 

PruwltlK.  Far.  Om-Ix.  Cftlorin. 

Priwncr  (not  worklnff)  ...  87  32  SOS        IM7     8cttc«TKB.» 

...  85  SO  3O0        1709     VoiT. 

Man  in  iKKtrliouse 9i  45  332        1981      KoR-tTBu.* 

Wrtinnn  IQ     "        80  49  266        1725 

The  figures  given  by  VotT  are,  according  to  him,  the  lowest 

■  Gtrmuiy.  Auatrls,  Swllxorl&nd,    Fruiea,  It&ly,   RumU,  uid  tbe  nnitod 

*  Bw  Voii.  L'titvnucbuog  dvr  Soat.     Uanchou,  1977.     8.  14a. 
*lbid..  S.  18«. 
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figures  for  a  Doo-workiog  prisoaer.     lie  considen  tbe  following  m 
the  lowest  iliet  for  old  non-working  people: 

Fn>li-I4«.'     Fat.  Otrb.         Caloriw. 

Man ,  SO  40  S50  3300 

Womea 80  S5  SM)  1783 

In  calcnlotlng  the  d&ily  diet  it  u  in  most  caeea  snfficient  to 
nscertnin  how  mnch  of  the  Tflrions  nntritive  sabBtancM  most  be  dulr 
iiclTiiiniBtered  to  the  ho[ly  to  keep  it  in  the  proper  condition  to  per- 
form the  work  reqnired  of  it.  In  other  cases  it  maf  be  a  question  of 
improving  the  nutritive  coiiiHtion  of  the  body  by  properly  aelecte.1 
food;  but  we  alBo  hare  oaaes  in  w]itch  wo  desire  to  diminish  tbe 
mass  or  weight  of  the  iHKly  by  an  insufficient  natrition.  Thisb 
especially  the  cafle  in  obesity,  and  all  the  dietaries  proposed  for  tbU 
pnrpoee  are  rhiefly  stfirvation  cnrefl. 

The  oldest  and  moot  generally  known  diet  cttre  for  corpnlencr 
is  that  of  IIauvry,'  which  ts  ordinarily  called  the  HANTixa  method. 
The  principle  of  this  cun>  consists  in  increasing,  as  far  as  possible, 
the  consumption  of  the  accumulated  fat  of  the  body  by  as  limited 
a  snpply  of  fat  and  carbohydrates  us  possible  and  a  simnltaneoos 
increawd  supply  of  protoida.  A  second  cure,  called  HnsTcix's' 
onre,  ii  based  on  the  assumption  (not  correct)  that  the  fat  of  the 
food  is  not  accumulated  in  a  body  rich  in  fat,  but  is  completely 
barnt.  In  Ibis  cure  largo  quantities  of  fat  arc  therefore  idlowed  in 
the  food,  while  the  qnantity  of  carbohydTat4>s  is  diminished  rery 
materially.  The  third  cnre,  called  Oertel's*  cnro,  is  baood  on  the 
correct  view  that  a  certain  quantity  of  carbohydrate*  hai  no  greater 
inftnencc  in  the  accumulation  of  fat  than  the  isodynamic  qnantitics 
of  fat.  In  this  cnre,  therefore,  carbohydrates  as  well  as  fat  are 
allowed,  proTide<l  the  total  quantity  of  the  same  is  not  so  great  aa 
to  hinder  the  decrease  iu  the  fatty  condition.  A  greatly  diminished 
Bup]dy  of  water  is  also  one  of  the  features  of  Oertel's  cure, 
especially  in  certain  cases.  The  average  quantity  of  the  rarioni 
nutritive  substances  anpplied  to  the  body  in  these  three  ctirw  is  as 
follows,  and  we  give  a!sf>  for  comparison  in  the  same  table  Voix's 
diet  necessary  for  a  laborer: 

rniwriU.  Fu.  CftriK  Calortat. 

HAnTKT'BA.NTiKo*s  curs 171  6  76  1060 

Ebstkik's  cure 102  85  47  1391 

OBaTiu.-s      "   IM  33  73  llftl 

•'   (mix.).  170  44  114  1897 

Laborer,  sccopMng  to  Von 116  66  300  2^0 

'  BantlDg,  t^Uor  na  Cnrpalvnr*.     Ltmdoa,  1884. 

*  EbsMLD,  Die  FeUlieblKkeU  und  ibre  UebatKlliing'.    1899. 

■  Oertel,  Hsjiilbucli  (l«r  ■.Ug.  Tlieraple  der  KreisUgfttOrQUgM,     1684. 
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If  the  fat  in  all  cases  is  rccalcnlated  in  starch,  then  the  propor- 
tioa  of  tlie  protelds  to  the  carbohydrates  is: 

lUiivt^v-BANTlsu'K  cure 100  :    M 

EiisTEis'9  cure 100  ;  346 

Oehtkl's      " ion      «0 

"    (mo.) 10O:lS9 

Labonr lOU  :  MO 

In  all  the«e  cnree  for  corpulence  the  qaantity  of  non-nitrogenoos 
bodies  U  diminiahod  as  compared  with  the  proteids;  hut  chiefly  the 
totiil  qiiautity  of  food,  us  is  shown  by  the  nnmber  of  caloriea,  ia 
oonaiderably  diminished. 

Hakvey-Uastino's  cure  differs  from  the  others  in  a  reliitively 
Tery  much  greater  quantity  of  proteida,  while  the  total  nnmber  of 
calories  in  it  is  the  smallest.  On  thia  acconnt  this  cure  actj*  very 
fjoickly;  but  it  is  therefore  also  nmre  dangerous  and  more  difficult 
to  accomplish.  In  this  regard  Kiisteen's  and  Ofutei.'.'!  cures 
(especially  Oertki.'.s),  having  a  greater  variation  in  the  .'(election  of 
food,  are  better.  As  the  adipose  tissue  has  a  proteid-aparing  action, 
we  have  to  consider  in  using  these  cures,  especially  Uantisc'.s, 
that  the  destrnction  of  proteids  in  the  body  is  not  increased  with 
the  decrease  in  tlie  adipose  tissne,  and  one  mnst  therefore  carefully 
watcli  the  elirninatioo  of  nitrogen  by  the  tinne.  All  diet  cnre-i  for 
obesity  are  moreover,  as  above  stated,  starvation  cures;  and  if  the 
daily  quantity  of  food  re<[nired  by  an  8<lnlt  man,  represented  as 
calories,  is  in  round  numbers  'i.bW  calories  {according  to  the  average 
figares  found  by  FonsT^a  in  the  case  of  a  physician),  then  one 
immediately  sees  what  a  considerable  part  of  its  own  maas  the  l)ody 
must  daily  give  up  in  the  aliove  cures.  Thin  reminds  ns  of  the 
great  care  necessary  in  employing  these  cures;  hut  each  special  ease 
should  be  conducted  with  regard  to  the  individuality,  the  weight 
of  the  body,  the  elimination  of  nitrogen  'm  the  urine,  etc.,  etc.,  and 
always  under  strong  control  and  only  by  physicians,  never  by  a 
layman.  A  closer  discussion  of  the  many  conditions  which  must 
he  considered  in  these  cases  doe«  not  enter  into  the  plua  and  acops 
of  this  worlc. 
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TABLE  I.-F00D8.' 


1.  Animal  Foods. 


a.  Flesh  wtthoct  Bonkb. 

Fat  beef 

Beef  (average  fal') 

Beef» , 

Corned  beef  (ftvemge  fai) 

Veal 

Horse,  salted  aod  aiuDked 

Smoked  bam 

Pork,  salted  and  smoked  * 

Flesb  from  bare 

"     clilckea.., 

"        "     purtridge.... 

"        "     wild  duck„ 

ft.  Flbbu  wttq  BoNBIt 

Fat  beef 

Beef,  aversffe  fui* , 

Beef,  s1IglitT>  (.'orned. ......... 

Beef,  tUoroiigbl^  {"orned 

Muitou,  very  fat 

"       averfigt  fat 

Pork,  fresb,  fat... 

Pork,  corned,  fat 

Smoked  hani. 

e.  FieHBS, 

River  eel,  fresb,  eoiire.. 

Salmon,        '■  " 

Aiichovy,      '■  "    

Flounder,     "          "  ,.,.,,•.. 

River percb,"         " .,  . 

Torsk,  "'  "     „ 


icoa  Pam  ooDiaiii 


1-^ 


190 

\m 

218 
IflO 

818 
S55 

\m 

ItiS 
26S 
246 


150 
16T 
175 
190 
13i^ 
100 
100 
120 
300 


131 
128 

100 


|5 


68 

130 

115 

80 

65 

365 

«60 

II 

03 

14 

31 


Ul 

es 

100 
333 
180 

4tt0 
S4fl 
800 


2flO 


14 


II  MO 

iR  fle» 

IS  673 

117  5S0 

13  717 

100;  280 

■10  130 

13 1  744 

ul  TOl 

U!  719 

la  711 


itctatioDBbtp  oF 


60  soo;  m 


10,  840 


9U 


G  35S;  38S 

lo:  4H9  aas 

11  ■  J8fl  883 

n  680  sto 

8  «0  450  j  loo: 

8  455    4r-0l  100 


lOO 

IM 

mo 

100 
100 
lOO 
1(10 
100 
100 
100 
100 
100 


0  544  1  so  too 

15  5g!S  150  100 

65'  480  16  •  I  100 

3W)  480  180'  100 

8  4a;;  m\  loo 
10  my  150,  100 

fi    3C5     10    100 


100 
100 


100 

100 
100 
100 


;■ 


so 

83 
53 

43 

20 

14S 

5«0 

48 

« 

IS 


90 
49 
53 
5S 
34e 
100 

im 

450 

lao 


246 

56 

31 

9 

2 

1 


'  The  result*  En  the  folloirtn^  tables  are  chiefly  compiled  from  the  pummar;  of  Auitir 
and  of  KGnio.  As  "  wonte  "  tre  hpre  degifcnate  that  part  of  the  foods  which  lit  lost  <r  the 
preparation  of  tli«  food  or  that  which  in  not  used  by  the  bodj;  for  InataDce.  the  Ijohn. 
skin,  egK-Khell,  and  the  cellnlnse  In  the  veicetable  foods. 

<  MfKt  such  A1  U  orHinsrily  aold  in  the  marltets-in  Sweden. 

•  Beef  such  as  is  delivered  by  lar^e  purreyors  to  public  instltutloos  tn  Sweden. 

*  Porli,  cliiefiy  from  the  breast  and  belly,  such  aa  occun  in  tbs  rations  of  SwadU 
■oidlerB. 


Rrsln 

BtHf  liver 

Btuf-liflnrt 

Heutl  ntid  luaga  of  mutUm 

Vval  kidney. 

Oi  tougiiu  ifrusb) 

Blood     frotu     various    ftDlniali 
(KTvmKc  reituIU) 

Othkr  Akival  Poods. 

E!iid    of    pork-sausage    (MeU 

wurat) 

hatnc  for  frying 

Butler , 

Lard 

Moit  exii«ct 

CoWi  milk  (full) , 

"    (skimiiied]„ 

Biititrmllk. 

C'rtam , 

Cbi.'c«:  (fnt) 

-       (poort.. 

Whey  cbeewj  (poor) 
Ueu's  egg,  etiure 

■'     wiibout  sbell 

Yolk  of  egg 

WliSte"    '• 


FOOD  TABLSa. 


TABLE  I.— FOODS.— {ClmtfniMd.) 


2.  y^reUUa  Foods. 


Wheat  (grains) 

Wheat-Hour  (fine) 

(veiT  tiuej 

Wheat-bran 

Wheat-bread  (fresb) 

ilacnioiii 

liyf  (^raii^Bl  

Hyeocmr 

Eye-bread  (dry) 

"      ■ '     {/rwh,  coarse) 

"       "     (fresh,  fine) 

Barley  (grains) 

Scotch  barley 

Oat  (giaiDs) 

Oat  (peeled) 

Cora 

lUce  (pctrled  for  boiling). 

French  bcana 

Peaa  (yelluw  or  green) 

Flour  from  peas 

Potatoes. 

Turnips 

("iintil  fyellow) 

CaullHower. 

Cabbage 

BeauB 

Spinach 

Lettuce 

Cucumbers. 

Kadishea 

Edible  mushrooms  (average).. . 
Same  dried  in  the  air  (average) 

Appl«s  Hnd  pears 

Varioutt  bcrrita  (average) 

Almonds 

Cocoa 


1000  Farts  contain 


If 


128 

no 

160 

88 

90 

115 

115 

114 

77 

80 

111 

110 

117 

140 

101 

70 

382 

220 

270 

20 

14 

10 

as 

19 

37 

81 

14 

10 

12 

32 

319 

4 

5 

243 

140 


17 

10 

11 

88 

10 

8 

17 

16 

20 

10 

14 

21 

10 

60 

60 

58 

7 

31 

IS 

15 

2 

2 

2 

4 

2 

1 

S 

8 

1 

1 

4 

36 


587 
480 


II 

5' 


676 

740 

768 

439 

550 

768 

688 

720 

725 

480 

514 

654 

730 

668 

660 

696 

770 

587 

.•i80 

S20 

200 

74 

90 

50 

49 

66 

88 

23 

38 

88 

60 

413 

ISO 

90 

73 

180 


18 

8 

8 

50 

17 

8 

18 

20 

15 

IC 

11 

36 

71 

30 

20 

1 

2 

86 

25 

35 

10 

7 

10 

8 

13 

6 

10 

10 

4 

7 

9 

61 

8 

6 

29 

60 


140 
120 
120 
180 
880 
131 
140 
110 
110 
400 
870 
140 
146 
180 
100 
140 
146 
137 
150 
125 
760 
893 
878 
904 

9oo; 

888 
908 
944' 
9561 
984 
877 
160 
832 
649 
54 
65 


3 

6 

193 

6 

23 
30 
16 
17 
11 
48 

7 

100 

20 

38 

6 
87 
60 
46 


BeUtioiuUpot 


t  :S         :S 


36   100 


100 
100 
100 
100 

too 

100 
100 
100 
100 
lUO 
100 
100 
100 
100 
100 
100 
100 
100 
100 


S    100 


10 

100 

15 

lOO 

9 

100 

18 

100 

13 

100 

8 

100 

7 

100 

6 

lOO' 

8 

100 

le 

100 

133 

100 

81 

100 

60 

100 

66 

100 

96 

100 

14     649 


11 

13 
36 
U 

8 
16 
13 
18 
14 
18 
19 

9 
61 
43 
57 
10 

9 

7 

e 

10  1030 
14  I  639 
30  900 
16  200 

11  358 
4     344 

16  106 
21      157 


654 
885 

393 
635 
858 
600 
638 
634 
638 
634 
569 
851 
481 
471 
663 
1100 
331 
240 
193 


230 

317 

188 

188 

8250 

1600 

222      80 

843     139 


10 

8 

13 

13 


31ALT  AJn>  ALOOBOUO  LiqUOBB, 
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TABLE  n.— MALT  LIQUORS. 


inn  Phrts  M  Weight. 


Porter 

Beer  iSwedlsh) 

"    {Swedlsb  eipurC}. . . 

Dmiigbt-betr , 

Lager  btit-r 

Biick-bter 

"VVeiw-bcer..,.. , 

Swedish  "  Svagdrlcba". . 


871 

m 

681 


B45 


-1 


54 


76 


IS 


85 
7S 


sa 


^ 

1,5 

1.7 

4 


TABLE  IIL-WINE   AND  OTHER  ALCOHOLIC  LIQUORS. 


]«B  Parti  by  Weight. 
CDdUUd 


Bonteftux  tcine 

Wbiie  wine  (Rhein^u). 

CliiiiiipajeDe 

Kbiitii!  wine  (sparkling). 

Tokay 

Sberry , 

rtirt-win« 

MaileliB , , , 

Mars&la 

Swedisli  punch. 

Brniidy. ,.... 

French  cognac 

Liqiieurs .> 


888 
668 
778 
^1 
808 
7&S 
774 
791 
fOO 
479 


M 

115 
IK) 

94 
120 

170 

156 
164 
S6S 
460 

sao 

442-590 


88 
£3 
1S4 
105 
73 
35 
62 
59 
40 


6 
i 

115 
87 
51 
15 
40 
3S 
35 

833 


260-475 


5.9 

5.0 
6.0 

6.0 

7.0 
6.0 
4.0 
6.0 
5.0 


1 

1 
9.0 

fl.u 

3  0 

3.0 
4.0 


2.0 

2,0 
1-0 
3.0 
S.O 
5.0 
8.0 
SO 
4.0 


oE 

St 


;  60-70 


664  INDEX  TO  SPECTRUM  PLATE. 


SPECTRUM    PLATE. 

1.  Absorption  spectrum  of  &  solutiuo  of  tKeyfutmogMrin. 

2.  Abeorption  spectrum  of  a  BolutioD  of  hamoglobin,  obtained  by  the  action  of 

an  ammoniacal  ferro-tartratv  solution  ou  an  oxybcmoglobin  solution. 

5.  A.bBorptloa  spectrum  of  a  faintly- alkaline  solution  of  methasmoglcbin. 

4.  Atworptlon  spectram  of  a  solution  of  hamatin  la  ether  containing  oxaUc 
acid. 

6.  Absorption  spectrum  of  an  alkaline  solution  of  Aomoft'n. 

8.  AbsotptiOD  spectrum  of  an  alkaline  solution  of  hamoehronu>ffen,  obtained  \tf 
the  action  of  an  ammoniacal  ferro-tartraie  solution  on  an  alkaline- 
heematin  solution, 

7.  Absorption  spectrum  of  an  acid  solution  of  vroMb'n. 

8.  Absorption  spectrum  of  an  alkaline  solution  of  urcbUin  after  the  addition  of 

a  zinc-chloride  solution. 

9.  Absorption  spectrum  of  a  solution  of  futuin  (etliereal  extract  of  the  egg-yolk). 


■.,l.i;ii^.'H.ii"i.riyiHiiii"?'f?g'^a^i-'^=niT-ar.|  ,.  .iiyinriftifyipy. 


D    c  I)  i:  b  r  fi 


INDEX. 


AbMrpUon,    326-^1 

,   importance    of    cells    in, 

330,  340,  341 
,    action     of      putrefactive 
processes  in   the   intes- 
tine on,  320 
Absorption  ratio,  ,147 
Acetic  acid  in  intestinal  contents,  314 
in  gastric  juice,  264 

contents,      264, 
283,  2S8 
,  pasHage  of,  into  the  urine, 
505,  623 
Acetone,  6S8 

in  blood,  170 
in  urine,  556,  5S7 
Acetonuria,  556,  557 
Acetyl-amido-benzoic  acid,  628 
Acetylene,   compound   with   bffimoglo 

bin,  140 
Acholia,  pigmentary,  242 
Achromatin,  06 
Achroo-dextrin,  78,  256 
Aoid  albuminates,  16 

,  properties,  32,  33 
,  formation  in  peptic 
digestion,  271.272 
Acid  amides,  behavior  in  the  animal 

body,  523 
Acid  rigor,  376 

Acids,   organic,  behavior  in  the  ani- 
mal body,  449,  505,  617,  518,  523 
Acidity  of  urine,  448 — 451 

of  the  gastric  contents,  284 
of  the  muscles,  300,  370 


Acrite,  67 

Acrolein,  S2 

Acrolein  test,  82,  86 

Acroses,  67 

Acrylic  acid,  action  on  the  elimination 

of  uric  acid,  473 
Acrylic  acid  diureid.    See  Uric  acid. 
Actiniochrom,  578 
Adamkiewicz's  reaction,  27 
Adelomorphic  cells.  201 
Adenin,  102 

,  properties,  reaction,  and  oc- 
currence, 107 
,  urine,   484 
Adenylic  acid,  99 

Adhesion,  importance  in  blood  coagu- 
lation, 155 
Adipocere,  365 
.^gagropila,  325 
Aerotonometcr,  597,  000 
Alanin,  57 
Albumins,  18 

,  general  properties,  30, 
See  also  the  various  albu- 
mins. 
Albumin,  detection  in  urine,  6^1 

,  quantitative  estimation,  536 
See  Proteids. 
Albuminates,  18 

,  properties  and  reactions, 

32,  33 
,  ferruginous  albuminate 
in  the  spleen.  201 
Albuminoids,  18,  40 

in  cartilage,  347 
MS 
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Albumoids,  18,  49 

in  the  crTstalline  lena,  401 
Albuminous  bodies.  See  Froteid  bodies. 
Albuminous  glands,  261 
Albumoaes,  18 

,  general  properties,  33—42 
,  formation  in  putrelaction 

of  proteid,  3U 
,  formation  in  pepain  diges* 

tion,  271 
,  formation    in    trypsin   di- 
gestion, 302 
,  nutritive  value,  836 
,  absorption,  327 
,  transformation     of,     into 

proteid,  320 
,  occurrence     of,     in     the 

blood,  328 
,  occurrence   in    the    urine, 
535 
Alcapton  and  alcaptonuria,  493,  406, 

409 
Alcohol.    See  Ethyl  alcohol. 
Alcoholic  fermentation,  0,  68 

in      intestine, 

313 
in  milk,  420 
Aldepalmitic  acid,  424 
Aldoses,  60,  63 
Ateuron  gr&iuB,  411 
Alexines,  16,  170 
Alkali  albuminate,  18 

,  properties  and  re- 
actions. 32,  33 
,  occurrence   in   the 
yolk  of  the  e^, 
412 
occurrence    in   the 

brain,  300 
occurrence  i  n 

smooth   muscles, 
380 
,  Lieberktlhn's,  32 
Alkali  carbonate,  physiological  impor- 
tance, 628 
,  action  on  the  secre- 
tion     of      gastric 
juice,  263 


Alkali  carbonate,  occurrence.    See  the 

various  tissues  and  fluids. 
Alkali  phosphates  in  urine,  448,  477, 
513 
(Occurrence.  Seethe 
various  tissue  I 
Alkali  urates,  447,  478 

in  calculi,  669 
in  sediments,  447,  56ti 
Alkaline  earths  in  urine,  519 
in  bones,  340 
,  insufficient  supply  of, 
361,  629 
Alakaline  fermentation  of  urine,  565 
Alkaloids,  action  on  the  muscles,  376 
,  passage  of,  into  the  mine, 

530 
,  retention  by  the  liver,  200 
Alimentary  gtyeoauria,  220,  332 
Alimentary  oxaluria,  482 
Alizarin  in  the  urine,  530 
,  feeding  with,  351 
Alizarin  blue,  behavior  in  tbetia3ues,5 
Allantoic  Quid,  483 

Allantoin,  properties  and   occurrence, 
483 
,  in  transudations,  101,  IM, 

410 
,   formation   from   uric  acid, 
472 
Alloxan,  472,  478 

Allyl   alcohol,   relationship   to  forma- 
tion of  glycogen,  214 
Almcn-Bfittper's  sugar  test,  69,  546 
Almcn's  guaiacum  blood  test,  539 
Amanitin,  03 
Ambergris,  326 
Ambrain,  326 

Amido-acids,  relation  to  formation  of 
uric  acid,  475 
,  relation  to  formation  of 

urea,  455.  523 
,  formation     in     putrefac- 
tion, 23,  314 
from  protein  Bubntance^ 
20—22,  60,  64,  56,  57. 
302,  314 
in  trjrpsin  digestion,  302 


\ 


Aniido-A«tie  add.    Si^o  Gljvoeoll. 
Aiuitio-beruoic   acid,   behavior  in   the 

■ninutl  body.  iiSH 
AmitUfcvproK'  Kcid.     8ee  L«uriii. 
Aaiido-ciimaiuk  ucitl,  S20 
Anudo-vlliylcn-luctir  ucid.     Sv«  Sirin. 
Amido-oxj-ethyl-BUlptiflnic    Kcid.      See 

'Ikurin. 
Anuclo-p)ienyl-ftcetic  acid,  beharior  in 

body,  527 
ARiid«>-pheDyi-pro|>ionLi.'    tu-i<).    (uniiii- 

tion  in  iht;  pulrelactlon  of  prottida, 

£).  4SS 
Ainido-ph«nfl-propionic  aoid,  behavior 

In  o^anivm,  oSO,  527 
AmM^rardnic    acid.      Se«    J^aimitir 

add. 
Atnldiitin.  TB.  £5lt 
AmmoDin.  mtimALlon  of,  SIR 

lormalion  in  prot«id  pulrc 

from  protein  milntiitirca   ^U, 

21.  302.  314 
in  trjiifeiii  ([igcstion,  3t)2 
,  oceurrcncv  in  blood,  lid 
,  occurretic«    in    the    urino, 
44»,    4M,   458.   4fi3,    &17, 
fll8 
lOis  tllDiInutlon  att«r  odminV 
tntioa  of  niincrul  ucidi',  fil7,  518 
Ammonia  eltniination  ia  diauMS  of 

the  liv«r.  4M,  -160 
Aiiitnonia    vUminiil ion    n ftrr    rx lirpii- 
tinn   of  \hp  liv«r,  and  atrophy  px- 
poriHicnts,  -Ifift.  476 
Ammonium  chloride.  reUtlantoforma- 
tloa    of     uvea, 
517 
,  action  on  nK*lab> 
oliim,  (M3 
Ammoaium  itults.  relation  tu  fommtlon 
of  Rlycugeii.  ^14 
,  relation  to  uric  ai^id 

formation.  476 
,  njlation     ti>     urea 
forrnatinn,  45.").  457 
Ammonium-mftifnciiiuin    phosphate    in 
urinary  calruti,  660,  670 


Antmoniiim-nia^^um   phosphate   in 

urinary  AMlimentH,  568 
AminimiiiRi    urate  in  urinary  ealonUf 

309 
Ammuiiiuiii    uiuto    in    nrinary    tadi- 

mfnt«.  AiMj 
Amniotii'  lliiid.  41i) 
.\n)[thi(-rculinin.  3139 
Ainpiiopepton«,  S5 
Amyl  riitnU>,  pfiiaoBing  with.  177 
Amylodoxlrin.  ill 
Aitiyluid,  57 

.  vegetable,  7n 
Amyloid  d(>grnf>  ration.  bll»  in.  242 
Amytoiil     i|[>fr<>n?riitiiiii,     chondixjlUu- 

«ulpliuric  acid  lu  thv  livi-r.  $ti 
Amylolytlc  ciizynicB,  13.  265,  297 
AinyUjp«iin,  21(7 
Amylum.    i>4Ms  Startrh. 
Anu^uiia.  pt'rniirious.   174 
Aiiliydndi"  theory  «(  filycogen  fonna- 

Uon.  215 
AnJlin.  b«havlur  in  the  uninial  l>ody» 

520 
.\niBotropoiiA  .luhfltantv,  Stll 
.Antrdonin.  578 
AuLbrax  protein,  HI 
Anihnix  it|irireK,  bvhavior  with  gsatrio 

juicv.  282 
AnlialbuRiuM.',  35 

Aatlmony.    pana^    of.    into    milk, 
44;t 
,    action   on   elimiiiation  of 
nitroffL-M,  4.')."l 
Antipeptone.  36 

in  mi^at  extract.  3l!8 
Antipjtin.   relation    to   formation    of 
gly  nigral.  214 
,  action  on  itrine,  C30 
Apatit*.  349 
A[t)>roximuti'  cvtimnlian  of  proteJd  in 

urine.  636 
A<jnMMi8  humor.  11)5 
Arabino9c«.  61.  ns.  80 

,  relatlnii    to    formation   o( 
glycoRen.  213 
Arabit,  61 
Arachidt«  acid  in  butter.  424 
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ArachnoidBl  fluid,  100 
Arbutin,  relation  to  glycogen  forma- 
tion, 214 
,  behavior   in   animal    body, 
493 
Arginin,  50 

Aromatic  compounds,  behavior  in  ani- 
mal body,  625 — 631 
Arsenic,  passage  of,  into  milk,  443 
in  perspiration,  681 
,  action  on  the  elimination  of 
nitrogen,  463 
Arsenious  acid,  action  on  pepsin  diges- 
tion, 270 
Arsenurett^d      hydrogen,      poisoning 

with,  244—247,  638 
Arterin,  130 
Ascitic  fluids.  193 

Asparagin,  relation  to  proteid  ijAnthe- 
ais,  23 
,  relation    to    formation    of 

glycogen,  214 
,  nutritive  value,  637 
Asparaginic  acid.     See  Aapartic  acid. 
Asparagus,   odoriferous   bodies   of,   in 

the  urine,  530 
Aspartic  acid,  relation  to  formation  of 
uric  acid,  476 
,  relation  to  formation  of 

urea,  455 
,  formation  from  proteid, 

21,  302,  307 
,  behavior    in    organism, 
455,  475,  523 
Asphyxiation,   blood   in,   5,   130,    164, 

585 
Assimilation.     See  Absorption. 
Assimilation  limit,  220,  333 
Asa's  milk,  434 
Atmidalbumin,  36 
Atmidalbumose,  30 
Atmid  substances,  36 
Atropin,  action  on  the  elimination  of 
uric  acid,  473 
,  action    on    the    secretion    of 
saliva,  269 
Auto- intoxication,    IS 
Auto-ozidatioD,  8 


Bacteria  unae,  665 

Bactericidal  action,  IC,  179 

Banting  cure,  658,  659 

Bases,  nitrt^enous,  from  proteids,  21 

Beeswax,  87 

Benzaldehyde,  oxidation.  4 

,   substituted     alddyde, 
behavior    in    aoinud 
body,  528 
Benzoic  acid,  formation  from  protda 
substances,  24,64,486 
,  passage  of,  into  the  per- 
spiration, 681 
,  behavior  in  the  organ- 
ism, 3,  486,  627 
,  occurrence  in  the  urine, 

489 
,  action    on    metaboliBm, 

643 
,  substituted     benzoic 
acids,  action  in  body, 
627 
Benzol,  behavior  in  the  animal  body, 

626,  626 
Benzoyl-amido-acetic   acid.     See  Hip- 
pur  ic  acid. 
Benzoyl-chloride,    behavior    with   car- 
bohydrates,    TO, 
212 
,  behavior  with  cys- 
tin,  563 
Benzoyl -cystin,  663 
Bezoar-atone,  325 
Bifurcated  air,  696,  601 
Bile,  222—250 

,  general  chemical  properties.  224 

,  analysis  of,  239,  240 

,  antiseptic    action    of,    318,    S19| 

320 
,  constituents  of,  225,  236 

in  diseases,  241 
,  diaatatic  action  of,  238,  309 
,  influence  upon  proteid  digeatiOD, 

312,  313 
,  influence  upon  the  emulsiflcation 

of  fats,  311 
,  influence   upon   the  secretion  <4 
bUe,  224 


^^^B^^^^^^^^^^^SS^^^^^^^^^^^ee^^^^^ 

Bile,  influence  upon  the  atworption  uf 

ililihumia,  233,  237                                               ^H 

lata.  312,  339 

lliliplia-in,  233                                                       ^H 

.  iolluenco'   upon    tbo   vpliltin);   uf 

iJilipru^'iD.  233.  237                                               ^H 

noutral  fat,  310 

llillrubin,  233                                                        ^H 

,  intluamcv  upon  tri>-p^n  dlgcslion, 

,  Tel&tiotuillip    to    ihv    bl<>od-                ^^H 

301.311 

piifmrniK,  I4A,  2-14,  ^45                     ^^| 

,  quantity  of,  222 

,  rvh)tioii4hij>  to  heiniLtoidiii,              ^^H 

,  abwrption  of.  SS4,  339 

M5.  233,  244                                          1 

,  tniniut  of  fureigD  bodiu  Into  the, 

,  pro|>crtief>,  234                                             1 

241.242 

,  occurrpnce,  233'                                            1 

,  occnmnn  nf,  In  urine,  :y.i9,  5)2 — 

occurrence    in    the    corpora                       n 

644 

liitea.  400                                                      J 

,  CHH-ui'Tcnt'e  of,  in  cuntents*  o(  iloiu- 

,  o('i'urriMii'4>  in  urinv,  S42                       ^^^H 

ach.  283,  3112 

,  oceurrRnro  in  thv  |klticeatii,              ^^H 

,  <M'(7iirrenit'  o(.  in  nieeoniuiii,  '.i2'-i 

4H)                                                     ^H 

.  composition  of.  SHfl.  210 

Hilirubin-caleium.  233,  £47                                   ^H 

,  rliemita)  formation  of,  243 — 247 

Biliverd'tn,  priiptTtir*,  2311                                                ^ 

,  "pnvtion  at.  i-£i 

,  Gccunsnce.  208                                                i 

Bil«-wid9,  225— -230 

,  ooourrence     in     ogg-slielle,                      j 

H                     ID  I'I'J-Ki.  170,  242 

4)9                                                    ^^ 

^t                 in  piu).  2tH) 

,  MTUrrrnce    in    p\rrcni<-nts,              ^^|| 

^^^^           In  urine.  .131>.  Rii 

^H 

^^^P         ,  absorption  of.  33t> 

f  (»eurteni^f^  ill  uriii«,  M2                   ^^B 

^^^             ,  Petlenltofer'ft  test  for,  22.0 

,  occ'Um'ni'K  in  Lhfl  pjacenla^                ^^H 

H  Bile-mucus,  224 

410                                                    ^H 

HBile-pigmcnU,  25:1—230 

nirotation,  fVI                                                         ^^M 

^L                      ,  origin  anil  formntiuu  of, 

Itixmuth,  passu^  of,  into  tlii>  milk,  443              ^^M 

H                                 242—247 

Hitcirn  milk.  434                                                   ^H 

^^^^^^H         ,  resctions   of,  234,   235, 

Hiuret.  450                                                              ^^M 

^^^^B                         544 

Biuret,  i-ettctjon,  27,  459                                           ^^H 

^^^^^^^B        ,  giHiuuii;*'  into 

niiotiT  tltitd,  \m                                                   ^H 

^^^^H 

Blood.  111-179                                                      ^H 

^^^^H^^      f                       lii'^od- 

.  ^enri-ut  Iicliuviur,  111,  162,  163                  ^^M 

^^^^^^^              >ierum.  12S,  176 

,  coagultition  of.  1&3— mi                         ^^H 

^^^^^^^B        ,  ocriirrencein«gg-«Oi«IU, 

,  gA*r*    of.       8(<<>     llicminlry    of                ^^H 

^^^^V               410 

rexpiration,  <.1iapter  W'M.                   ^^H 

■BJlf-tuiIti*,  223 

,  qunntttutlvc  tinjilyst-B.  in3— lAO              ^^M 

■  Bilianic  uHd,  229 

,  arterial   and  venouB,   13U,   IW,              ^^M 

■jlillnry  •mIcuII.  247,  24^ 

5S4.  r-iHR,  r>oo.  tini                          ^H 

BlUliary  fifltala>,  222 

,  dcflbrinntril.                                                ^^M 

^E                           ,  inOurnce  on  pnlrefac- 

in  a^pli.vxititioM,  5,  U)C.  15i,  6'5              ^^| 

^h                               (ton    in   th«     inlcfl- 

,  iptiinlity  in  tli«  lKHly,  177                            ^^H 

^^^^^                 tine.  31fl 

,  detpction,  i'iiMnicn-]#gnl.  146                       ^^H 

^^^^^^^          influ«nw  on  tlio  want 

,  |jii>h»vioi  in  eUrTKtion.  172,  034                ^^M 

^HE^               uf  food.  310 

,  (.utnpiiwiiMn     under     abncrnial              ^^M 

HBilicynnln.  23.%  235,  237 

rorditionA,  ITS — 177                               ^^| 

Kuilifulvin.  233 

,  composition  under  phjraiolog'eal              ^^H 

■  BilifuM'in,  233,  237,  248 

conditions,  1€£>— 173                               ^H 
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BIocmI  in  urine,  538 — 640 

in  gastric  contents,  283 
,  transfusion  of,  173,  178 
,  loss  of,   177 
Blood-casts,  538 
Blood-clot    (placenta  sanguinis),   112, 

163 
Blood-corpuHclee,  white,  140,  160,  174 
,  white,    behavior     in 
the  coagulation  of 
blood,  160, 156—158 
,  white,      relationship 
to     the     formation 
of  uric  acid,  470 
,  red,   128—130 
,  red,  in  urine.  533 
,  red.  composition,  127, 
108,  174 
Blood-pigments,  130—149 

in  bile,  242 
in  urine,  538 — 540 
Blood-plaama,  113—122 

,  composition  of,  120,  107 
Blood-plates,  140,  151 

,  importance    in    coagula- 
tion, 150 
Blood-serum,  112,  122—127 

,  globulicidal  iiction,  178 
,  compoBJtion  of,  120,  107 
Blood -spots,   145 
Blood-sweat,  582 
Blue  Htentorin,  .>78 
Bone  and  bony  tissue,  348 — 354 

in     starvation 
513,  623 
Bone-eartha,  349,  350 
Bone,  softening  of,  352 
Bonellin,  578 
Borax,  action  on  metabolism.  643 

on  trypsin  digestion,, 301 
Borneol,  529 

Buttcher's  aperniin  crystals,  404 
Biittger-Almcn's  test  for  sugar,  69,  54C 
Bowmiin's  disks,  301 
Brain.  .190-^02 
Bread,  behavior  in  the  stomach,  277 

,  excrement  after,  321 
Bromadenin,  103 


Bromanll,  24 

Bromhypoxanthin,   103 

Bromine  coapounde,  paaaage  of,  into 

the  saliva,  200 
Bromoform,  24 
Brunner's  glands,  289 
Buccal  mucus,  253 
BulTy  coat,  153 
Bufldin,  679 

Bull,  spermatozoa  of,  405 
UuTwe  mucosse,  197 
Butalanin,  57 
Butter-fat,  426,  435 

,  calorific  value  of,  617 
,  absorption  of,  336 
Buttermilk,  434 
Butyl    alcohol,    behavior     in    animal 

body,  524 
Butyl-chloral   hydrate,  behavior  in  ani- 
mal body,  524 
Butyric  acid  in  contents  of  stomach, 
283,288 
in  gastric  juice,  264 
in  milk  fat,  424,  435 
Butyric-acid  fermentation.  6,  69 

inintastiHt 
316 
BysBUS,  18,  67 

Cadaverin,  14 

Caffein,  actios  on  the  muscles,  373 

Calcium,  lack  of,  in  food,  352.  629 

,  occurrence.     See  various  tii- 
sues  and  fluids. 
Calcium  salts,  signiflcanre  for  the  co- 
agulation    of     blood, 
116,  117,  159 
.  signiUcance  for  the  co- 
agulation     of     milk, 
426 
,  significance  for  the  ro- 
Hgnlation    of    muscle 
plasma,  363 
See    also    various    cal- 
cium salts. 
Calcium  carbonate  in  urine,  447 

in   urinary  calcuU, 
570 


^^^^^^^^^^^^^^^TO^^^^^^^^^^^^eri^^^^ 

■  Ctldani  carbmiftte    In    nrinaiy    snli- 

Caproip  add,  ocourrHloe  In  falty  lia-                     j 

K                                         in«nt>^,  fitIT 

sue,  354 

B                                    In  boDM,  34n,  350, 

,  occurrentv    in    uiillc-fnt. 

H 

42-1.  435 

f                                    in  UitUt,  261 

Caprylic  add.  424 

CnlciuiD  fomiBtc,  enzyinotic  deeompo 

Canunol,  08,  73 

aition,  11 

Carbamio  acid,  467 

B  Calcium  oxalnte  in  iiHnP,  -IHl.  4H:t 

in  tlic  lilnod.  125.  45(! 

H                                 in  iiriniiry  MMliim-nls 

in  llip  urine,  450,  407 
,  p«ri«i)n<>uii  HvLioit  of,450 

1                                    4H2,  fi67 

H                                {n  urisBTjr  v  r  1  c  it  1  i 

Carlmniic-ncid     ethylcQter,    467.      See 

■                                     fiTO 

t'relhan.  407 

Cakium    phoaphatr,    relntlun    to    i-o- 

Ciirbolic  acid,  uclion  on  pejiein  digea- 

affiilatioD    of    flbrinojrm,    117,    11 H, 

tion.  27» 

K        151) 

fifv  iil«i>  Phenol. 

H    Calvluni  pliospliate,  relation  to  oobru- 

Tarbolic  urln«.  41W 

1        liun  of  (-offrtTi,  4'2ii 

OirbolitDtnoKlubiii,  139 

W    Cali'iuni  [))Hm|>1uitp,  occurrence  in  in- 

CiirbyhydraleB,  AH — SO 

tMtinal  calculi,  3^ 

.  Iniportnnrc    for  the 

CalciuR)  phosphate  in  urine,  447,  612, 

fi>nnatian  of  fai.,3fiM 

613,  519 

,  impnrtuncn    for    the 

Calcium    pho<iphiit«    in     urimiry    oodi- 

fomiiitinn    <>(  jtlyco- 

iDVltt*.  &0T 

gcn,  214.  215 

Calcium  phoepliutv  iu  urinarj*  calculi, 

,  ini|>ot1au('c  for  mufeii 
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Inriirlivity,378..ia4. 

Calcium  phoaphnte  in  salitmiry  caLcuIJ, 

386 

9«l 

,  action   on   the  metiib- 

Calciuni  eulphat«ln  urinary  iM>diiiiRntit, 

oliem     of     protcida. 

630.  030                                           1 

5ti7 

CaloriM  of  tlic  food.  017.  018 

,  action  on  putrefaction.                      ! 

of  various  dtptarica.  (153 

31 K.  41MI 

Campho-glyfuronii'  aclil.  AOK,  Ti^tt 

,  fthnnrplion  of.  3."t2.  a:M 

Camphor,  behavior  in  the  body,  508, 

,  tnatleigualu   supply    of. 

529 

«:i() 

Camphoml.  fi29 

See   also   the    variouH 

Oane-«iignr.  72.  73 

earlmhydratcrt. 

B                      ,  inversion  of.  SDO,  3til».  3;t2 

Carbon  dioxide  in  the  bloud.  683 — otiQ 

^^^^.               ,  calork-  value  of.  017 

in  (tifthcliv.  fi»ii 

^^^^B                 alMorjilinn  of,  33(1 

in  ]roiH<inin;{  with  min 

^^^H             ,  b  e  h  a  i-i  o  r  to  intestinal 

eral  acidii.  fi»0 

^^^B                   juice.  2M 

In    tlic    iotMUne,   3)4 

^^^H           ,  b^avior  to  gastric  juice. 

316 

H^P                   272 

In  the  lymph,  182.  fiBi) 

^FOkpIHary  endothplium,   secretory   aig- 

in  the  stomach.  278 

B      niOcanc*  of,  1^7,  IBEI 

in  Ihr-  muitcli^  in  ao- 

H  Capric  add,  424.  4.19 

tirity   and   at   real. 

B'Capraic  nuid,  romintion    from    phenol. 

S78.  384 

B                              7.  62Q 

in  rifor  ntonu,  370 

J 
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Carbon  dioxide  in  eecretions,  691 

in  transudations,  692 
,  binding  of  CO    in  the 

blood,   586— 6B0 
,  action  on  the  sMretion 
of  gastric  jaice,  262 
,  action   on   the   secre- 
tion   of    pancreatic 
juice,  296 
,  tension  in  blood,  601, 

602 
,  tension  in  tissues,  603 
,  tension  in  the  lymph, 

182 
,  tension   in   transudu- 
tions,  592 
elimination,      depend- 
ence  on    the   exter- 
nal temperature,  650, 
651 
elimination      in      ac- 
tivity   and   at   rest, 
378,  379,  384,  647— 
650 
elimination     by     the 

skin.  682 
elimination    in     vari- 
ous ages.  646,  647 
hemoglobin,  139 
Carbon-monoxide  poisoning,   139,  176, 

372 
Carbon -monoxide  poisoning,  action  tn 

lactic  acid  formation,  372 
Ciirbon-monoxide  poisoning,  action  in 

the  elimination  of  nitrogen,  453 
Carbon-monoxide  poisoning,  action  on 

the  elimination  of  sugar,  220,  372 
Carbon-monoxide   blood    test,    Hopj  e 

Seyler's,  139 
Carbon -monoxide  haemoglobin.  13-t,  140 
Carbon -monoxide  methfemoglobin,  139 
Carminic  acid,  578 
Carnic  acid,  366,  368 
Ciirniferrin.  369 
Carnin.  102,  367 

in  urine,  484 
Carp,  sperma  of,  100,  106,  406 
Cartilage,  343—348 


Cartilage,  amount  of  ash  in.  347 

,  behavior    to    gastric   juices 

271,  276 
,  behavior  to  pancreatic  juice, 
307 
Cartilage  gelatin,  53,  343 
Cartilage  of  the  knee-joint,  34? 
Casein,  origin,  420,  441 

from  woman's  milk,  436 
from  cow's  milk,  425 
,  quantitative  estimation,  431 
,  behavior  with  rennet.  273,  426, 

436 
,  behavior  with  gastric  juice,  270, 

277,  427,  436 
,  caloric  value  of,  617 
,  phosphorus  of,  427 
Caseinogen,  427 
Caseoses,  36 
Castor  bean,  16 
Castoreum,  579 
Caatorin,  579 
Cataract,  402 

Catheterization  of  the  lungs,  595,  SOI 
Cat's  milk,  434 
Cells,  animal,  88—110 
Cell  constituents,  primary  and  aeccnd- 

ary,  89 
Cell  fibrinogen,  102 
Cell  globulin,  90,  129 
Cell  membrane,  92 
Cell  nucleus,  96 

,  relation  to  fibrin  coagu- 
lation, 151,  156,  157 
Cellulose,  79 

,  fermentation  of,  310,  317 
,  occurrence    in    tuberenit  sii^ 

605 
.action    on   absorption  of 
foods,  331 
Cement,  353 
Cerebrin,  72,  394 

,  properties  and  behavior,  394^ 
396 
in  pus,  199 
Cerebrosides,  392,  393 
Cerebrospinal  fluid,  195 
Cerolein,  87 


nn>BX. 


era 


Cerolie  acid,  87 
Cerumen,  679 
Cotid,  86 
Cetvl  aloohol,  B7 
Cliitluzw,  413 

Charcot's  cryatale.  175,  M4,  900 
Cli»rg«  of  the  stomach  with  pepsin.  2TS 
of  thf  pAiHTPUi  with  p«psin,2il2 
ChcRM,  277,  427 
Cheno-taurocholio  tu-A,  228 
Chief  cells.  201.  274,  275 
ChildrcUB  urln«, 447, 4M,  4^ 
Chilin,  8«.  S8,  574 

,  behavior  io  trypsin  dif:i'sLion, 
30S 
diitoian.  57S 
Chloral  hydrate,  abnorption.  3^ 

,  behavior    in     aaimal 
body,  fm.  I>24 
Chlorate,  poiaoniog  wiUt,  136,  538 
Chlonu»l.  34 
Chlorbetuol,  behavior  in  Hnfmal  hrnly, 

se9 

Chlorides,   elimtitution    b.v    Ibe    urine, 

127.  ftoe,  aio 

,  elimination   by   the   nweat, 

G80,  A81 
,    action    tin    protcid    miHab- 

oliBin,  042.  (H3 
,  iiuul1!(^icnt   aupply   of,   027 
8ee  also  the  varioiu  fluids 
and  tisanefl, 
niloformorin.   148 

Chloroform,  aetion  on  the  elimination 
of  vhloridefl.  OK.) 
,  action  on  the  musclee,  375 
Cblorophan,  ;iOP 
Chlorophyll.  2 
ChlortMiIa,  174 
Chlorphpnylt*Tnt<?iTi .  62n 
ChlorphcnylmereHpturi^!  acid,  529 
Cblorrhudiniv  acid,  200 
Cholaeo^ea,  224 
CboltUc  acid.  224 

,  relation   to  cholesterin, 
248 
Cholanle  acid,  230 
CliDlecya&LD,.  234,  236 


Choleclobin.  246 

Cholcic  arid.  230 

Cholepyrrhin.  233 

Cholera,  hloo<l  in.  17.1,  ITS,  176 

,  content*  of  intestine  in,  384 
,  Kweut  it),  fi81 
,  ptomaineB  in.  14 
Cholera    bacilli,    behavior    in    guCrfe 

juice,  2B2 
rinHi^Blenliii,  248 
CholeKterin,  248 

in  expectorutloiiB.  606 
iu  bik>.  238.  2311,  ^40 
in  biliary  calculi,  248 
in  the  hmin,  391,  397 
in  the  urine,  502 
,  tmportanco  of,  in  the  life 
proccaaea   ot   the   cells, 

n« 

Cloleflterin  talculi,  248 
Choleoterin  fat  aa  proti^ive  fat,  57B 
C'holpxtnrin-prnpionic  ester,  24fl 
Choletelin,  £33,  230 

,  relatiun  to  arobilio,  501 
Chotin,  16,  93,  23H 
rholoha^m&tin.  237 
Choloidit.-  acid,  230 
Chcinilrifp^n,  343 
Chondrin,  M.  343 

.  in  pu«.  200 
C'hondrin  balla.  34D 
Chondroein  from  rbnndroitin  eulphurie 
Add,  34A.  ^On 
fruui  ({elattnuu*  sponges,  47 
Cliondraitic  ucid,  344 
Chondroitin,  .'MS 
Chondrottin-BUlphurk   aeid,   344,   500, 

fi74 
Chonil mill H mid,  47,  344 
CTiorda  saliTa.  252 
Cliorold  <.'oat,  402 

,  pigment  of,  576 
ChrislcnBen  nnrl  Myfge'n  method  for 

the  approxtmfite  estinmtion  of  pro- 

teid  in  nrine.  fi37 
Chromatin,  flfl 
Chromhidrcain.  .ISl 
Cliromogcnit  in  urine,  400 
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ChromogenB  in  the  supra-renal  capsule. 

205 
Chrysophanic  acid,  action  on  urine, 

530 
CSiyle,  180—183 
Chylopericardium,  192 
Chyluria,  631 
Chyme,  276 

,  inTestigation,  284—280 
Chymoain,  13,  272,  426 
in  urine,  608 
Cinnamic  acid,  behavior  in  the  animal 

body,  486 
Citric  acid  in  milk,  425,  433,  437 
Cleavage  processes.    See  Splitting  proc- 
esses. 
CoaguUtion   of   the   blood,    111,    112, 
115  —  119,    154—163, 
169,  170,  171,  175 
.intravascular,  162 
of  milk,  422,  426,  436 
of     muscle-plasma,     361, 
363,  376 
Cobalt    hydrocarbouate,    behavior    to 

gastric  juice,  264 
Coccygeal  glands,  579 
Cochineal,  57S 
Coefficient,  Hfiser's,  521 

,  respiratory,  384,  61S,  623 
,  urotoxic,  509 
Coffee,  action  on  metabolism,  644 
Collagen,  18,  53,  342,  343,  346,  348 
Collidin,  14 
Colloid,  47,  407,  408 
Colloid  corpuscles,  407 
Colloid  cysts,  407 
Coloring  matters.     See  Pigments. 
Colostrum  of  woman's  milk,  438 

of  cow's  milk,  433 
Colostrum  corpuscles,  433,  442 
Combustion,  physiological,  6 
Comma   bacillus,  behavior   in  gastric 

juice,  282 
Compound  proteida,  18,  43 — 49 

in  protoplasm,  91, 
101,  292,  420 
Conchiolin,  18,  57 
Concrements.     See  various  calculi 


Cones  of  the  retina,  pigment  of,  398 
Conglutin,  calorific  value,  517 
Connective  tissues,  342 
Copaiva  balsam,  action  on  the  nrint^ 

630 
Copper  in  the  blood,  126,  168 
in  the  bile,  238 
in  biliary  calculi,  248 
in  faiemocyanin,   148 
in  protein  subatancea,  IT 
in  turacin,  677 
Cornea,  34S,  402 
Comein,  18,  57 
ComScrystallin,  67 
Corpora  lutea,  406 
Corpulence,  diet  cures  for,  668,  66S 
Corpuscula  amylacea,  395 
Cow's  milk,  421—434 

,  general  behavior,  42^ ,  422 
.  analysis  of,  430—433 
,  constituents,       inorganic, 

432—433 
,  constituents,  organit^  423 

—430 
,  checking  action  on  putre- 
faction, 318,  490 
,  coagulation  with  rennet, 

273,  422,  426 
,  behavior  in  the  stomach, 

276,  281,  282 
,  composition  of,  432 — 134 
Cream,  434 

Creatin,  relation  to  the  formation  of 
urea,  367,  464 
,  relation  to  muscular  activity, 

381.  384 
,  properties  and  occurrence,  366, 
367 
Creatlnin,  relationship  to  muscular  ac- 
tivity. 381,  384,  467 
,  properties    and    occurrence, 

467 
,  rinc  chloride,  468 
Cresol,  22,  314,  489,  490 
Cresol-sulphuric  acid,  489,  490 
Crotonic  acid,  661 

Crotyl  alcohol,  relationship  to  fomia- 
tion  of  glycogen,  214 


^^^HHH^^^^^^^^^'*^'    ^^^^^^^^^^T^^^H 

m     Cnior,  112 

Dcsccmet'a  membrane.  47,  348                        ^^H 

■      CruMjCT«iiiinio.  389 

D«9ox7cholalic  m^id.  220,  2»(l                         ^H 

CriDttnoMiruhin,  578 

Uetiterottlbumow,  30,  40,  S35                            ^^M 

Crustu    iRtlaiuinatoria    or   phloKistlca, 

Deut«roelaiitoec.  52                                           ^^H 

153.  175 

Dull  terugul  at  CISC,  55                                           ^^H 

CrTstAlbumin.  401 

IJevato'a  method  of  deterraining  ths         ^^| 

CkTKtalfllvrln,  4ill 

quantity  of  prot«id,  W,  535                        ^^M 

Co'atnllin,  18.  401 

DextriDS,  77,  78                                                       1 

Crj-t-Uilliue  leiu.  400— 102 

,    fonimtiuii    from   starcli,   78,            ^^B 

Comic  acid,  5U7 

250                                                 ^H 

Cuminuric  acid,  S28 

,  lofldinn   the  stomach    with,         ^^M 

Cuniro  pobioniu^,  uction  on  nuBcuUr 

^H 

tonus.  37B 

,  occurrence  in  the  contents  of          ^^M 

,  ucllrin    an   olimina- 

the  AtoTnm-h,  277                         ^^M 

tioD  of  BUgar,220 

in  mmtcW,  271                                  ^^| 

^anincthK!m(vlO'l>iii,  140 

in  porUl  blood,  170,  332                   ^H 

Cjranoerystallin.  417.  578 

Dextrin-Ukt)  flubetuiices  in  ttie  urine,         ^^M 

Cjsnogen  in  protcld  molecule,  4 

^H 

CYanuric  acid,  4iS»,  471 

Dextrose,  67—71                                            ^H 

CjranuriD,  500 

in  the  blood,  123  170,  217.         ^H 

<^ol,  527 

21&— 220                                             ^H 

CrMein,  52».  MZ 

in  the  urine,  123,  218,  544—          ^H 

,  coiij  ii(iutiuii  iu  unimAl  body, 

654                                                  ^H 

329 

In  the  lytnpb,  ISL                         ^H 

Cyatio,  properties,  66E 

in  thR  muHclM,  371                           ^^H 

,  tKcurrenre  in  urine,  £07,  SOO, 

,  prcfuirHtitm  of,  71                                 ^^H 

«!a 

,  caloric  vuluir  of,  017                         ^^H 

,  in  urinarj'  calculi.  570 

,  drlKUon  ot.  71.  514—549                ^H 

,  in  urinMr.v  «cdiniunU,  &S8 

,  reactions  of,  08.  W.  70                    ^H 

,  in  aweut,  581 

,  absorption  ai,  .139,  340                    ^H 

,  in  IrypAiii  dig'CAtlon,  S63 

,  quantitative    estimation    in          ^^M 

CTatinuria.  14.  .''■Wl,  mi 

,  the  urin^  54»— S54                             ^H 

CjttM,  tape  worm.  1911 

Diabetes  mellitus,  219,  220.  221.  293,          ^H 

,  ovarinl.  4()«; — IIU 

^H 

,  thyroid,  204 

,  elituinEitlvn  of  XUj          ^^H 

Cytin,  1(12 

by  the  urine  in,          ^^M 

<>toglo1)in,  18.  01,  102,  157 

^H 

Cjrtoplnam,  BO 

,  Tflation  of  the  lirer          ^^M 

Cytoain.  100 

21»— 221                     ^H 

,  relation  of  thp  pan-           ^^H 

Danwluric  add.  S09 

creas      t«,      2Sl,          ^H 

Dnniolic  ucid,  509 

303                                   ^H 

Drhydrivholalic  acid,  220 

,  to    eliminntlon    ol           ^^H 

Dehydrri'th oleic  acid.  230 

sugar,  blood    in,          ^^| 

Dvlomorphic  or  pari^tAl  cells,  201,  272, 

221                           ^H 

ft          '375 

,  quantity    of   sugBr          ^^M 

H      Douign's  nructWn  for  iirlc  add,  i78 

in  the  blood  in.         ^^| 

1      Dentin,  360,  353 

210                       ^M 

676 
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Diabetes  mellitua,  urine  in,  447,  622, 
644 
,  carbon  dioxide  in 
the  blood  in,  6S0 
,  oxybutyric  acid  in 
the  blood  in,  S90 
,  oxybutyric  acid  in 
the  urine  in,  618, 
5«0 
Diacetic  acid,  669 

in  urine,  5S6,  567 
Diagonal  diaka  of  the  mnaclea,  361 
Diamid,  poisoning  with,  483 
Diamina  in  the  urine,  14,  500,  663 

in  the  intestinal  contents,  14, 
563 
Diamido-acetic  acid,  21 
Diamido-caproic  acid,  21 
Diamido-valeriaaic   acid,   624 
Diarrhcea,  324,  334 

,  action  on  the  quantity  of 
urine,  6^ 
Diastatic  enzymes,  12,  266,  297.     Bee 

also  Enzymes. 
Diastase  in  the  blood,  124 
Dicalcium  casein,  426 
Diet  for  various  classes  of  people,  653 
Diet  cures  for  corpulence,  658 
Digestion,  251—341 
Digestibility  of  food-atuffs,   279,  280, 

330,  331,  334,  336 
Digestion  leucocytosis,  172,  473,  476 
Dimethyl  carbinol,  behavior  in  animal 

body,  524 
Dimethylketone.     See  Acetone. 
Dioxyaceton,  67 
Dioxy benzol,  626 
Dioxynaphthalin,  626 
Disaccharides,  72 

in  urine,  333,  655 
Distearyllccithin,  93 
Distributiun   of  blood  in  the  organs, 

179 
Doeglic  add,  95 
Dop'«  miik.  434 
Dolphin  milk,  434 
DonnC'a  puB  test,  541 
Dotterpiattchen,  24,  4U 


Dulcite,  61 

,   relation   to  glycogen   lOiaa- 
tion,  214 
Dyaalbumose,  36 
Dyslysine,  230 
I^speptone,  271 

Dyspnoea,    action    on    proteid    trans* 
formation,  463,  64B 

Earthy  phosphates,  elimination  by  tlie 
urine,  613,  514, 
619 
,  solubility   in  pro- 

teid  fiuids,  353 
,  occurrence  in  bone- 

aah,  34»— 360 
,  cccnrrence  in  ral* 
ouli,    247,    2«U 
326,  670 
,  occurrence  in  sedi- 
ments, 666-668 
See    also    varioos 
earthy     p  h  o  »- 
pbatcs. 
Ebstein's  diet  cure,  668 
Echittochrom,  148 
Echinococcus  cysts,  cyst  wait,  675 

,  cyst  contents,  196 
Eck's  fistula,  456 
Eel,  serum  of,  126 

,  desh,  387 
Egg,  410 

,  hen's,  410—419 
,  absorption  in  the  intestine,  331 
,  incubation,  418 
Egg  albumin  (see  Oralbumin),  413 
E^-8hell,  416 
Ehrlich'8   test    for   bile- pigments,   M 

urine  test,  661 
Eiselt's  reaction,  541 
£3aidic  acid,  85 
Elaidin,  84 
Elastin,  18,  61 

,  behavior  to  gastric  juice,  2T1 
,  behavior  to  trypsin,  907 
Elastin  albumoses,  62 
Elastin  peptone,  62 
Electroayntbeeea,  7 


^^HH^I^^^^^^^  UTDBX,       ^^^^^^^^^flT^^^n 

^^Beiilin, 

Brythrit,  relation  to  glycoffen  fonnfti> 

^TSlepImnt  hnnes,  349 

lion,  2H 

Elopliunc  milk,  434 

Erythro-dextrin.  "8,  2Sfl 

Elephitnt  timk.  364 

ErythropAtn.     8ee  Vtiual  purple. 

n\a^f  •loiit,  -Si^ 

Gkba<A'a  MtlmatJon  of  pmtoid,  A3S 

Kintilftin,  12 

lirni.  4(111 

Kniydin,  417 

Entvrs,  action  on  the  pancreatic  juioe. 

Knumcl,  ns:) 

298 

Encepbatin.  302.  3M 

Ethal.  87 

Endolympli,  402 

Ether,  action  on  IjJood.  128 

Energy,  [K>t«nliM)  of,  food-stuITH,  016— 

,  action  on  Kcvretion   ol   ga^trio 

019' 

jnice,  Kei2 

Erutymw,  in  Rcnernl.  10 — 13 

,  a4>tJon  on  the  tniiwl'W,  376 

,  tlia«t)ttic.  in  pKtiirt'AliL'  juib-e. 

,  uctian  on  til*  >teor^ion  of  pan* 

%m.  207 

rrcatii.-  juiw,  2H5 

,  diastack-.  in  blood,  124,  12S. 

Ethereal   sulpburii;  adds   in   the  bile, 

^^B                    217 

240 

^^^B            ,  di&flUtic,  in  bile.  238.  300 

Ethereal  sulphuric  acids  in  the  urine. 

^^^H             ,  diuiUtic,  in  uHne,  SOS 

314,  481)-^I)6.  626,  520 

^^^H           ,  diMtatic,   in  thr              217, 

EtheTe»l  Milpliiiric  acidii  in  ivcttaX,  fi81 

^^H                 218 

Ethi'teul  oih,  netfon  on  niuseleB,  375 

^^^^V           ,  diu«tutic-.  m  lyiiipli,  l$i 

Ethyl   alcvhul,  (orTimtiun  iu  intestine. 

^^^H            ,  diafiUtio,  in  niusd<?s,  394 

393 

^^^H             (dinstalii?.  In  thn  ftfttT^tinii  of 

,  nhnorption,  3311 

^^^H'                 tht!  mucMiiB  tiitfjubr.iiic  01 

,  paaaaK'^  "^  ■'>^''  n>>lk. 

^^^B                    th«  intr'^lini'.  -lyA,  -iD!> 

443 

^^^B            .  diantalU',  in  HalivA.  2fiS 

,  bvbuvior  in  animal  Lf- 

^^^B            ,  proteoljrtic.   In    Oiu   iiiucuua 

1        gunism,  043 

^^^^^^^          membraiifl  of  the  iDtestln^, 

,  action  on  necretion  of 

^^^^^P          2»(l 

^iuttric  juicT,  262 

^^^^^^^     ,  protctilytir,    in              itrini'. 

,  action  on  the  muacln. 

^^H 

375 

^^^^B             ,  pTXilfolytic',  in  tha  alomnrh. 

,  Kctinn  on  ni«t«lio)iKtn, 

^^H                  201,2(^.263 

643 

^^^B           ,  proteolyliv,  in  the  psncmm, 

,  action     on     digestion, 

^^H                    2D6.  2WI.  300 

270,  281)                                     1 

^^^^B             ,  |ir«ti-r>lyti-,  in  li.e  plant  king-    Ktliyl    lifiixnl,    bohnvior    in    or^niHin,                   | 

^^H                    dom,  2US 

526 

H^                    ,  |>roti5ii1ylk>.  In  the  lower  ftni- 

Ethylon  glycol,  rtl«l.lun«hip  to  forma- 

^K                           muls,  265                                      tion  of  i;lyoofffn.  214                                           1 

H                     ,  Rtratolytif?,  13.  £07.  208,  2(W    Rihylcnlniin.    Sm-  Sfx^rmin.                                   | 

^^^^            ,  coB^latln^.    Srft  Fibrin  fi<r- 

Ethylidcnt^ lactic  ocid.  371.     Sm  also 

^^^^^                  nitnt  and  R^nnin. 

other  Iftclif  ecidH, 

■                         ,  uri'a  Dplitting,  &B6 

Eti^nntliir  urict,  .'lOr, 

W         Epiipjnnin,  4.H4 

Euxanthin,  &06 

Epixurkin.  1^2.  4R,'> 

Excrcuaenla,  320    324 

Erutic  «cid  nbiMTrption.  335 

in  Ao^  with   biliary   fla- 

,  syntheslB  from  erucin,  335 

tula.  319 

678 
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ExcremeBts   in  starration,  611 

,  elimioation    of    water 
with,  610 

Excreta  of  the  body,  608—618 

,  division  among  the  variouB 
excretioDS,  009 

Ezcretin,  323 

£xcretolic  aoid,  323 

Exostosis,  352 

Expectorations,  005,  606 

Extinction  coefficient,  147,  148 

Extracellular  action  ol  enzymes,  11 

Exudations,  18&— 197 

I^e,  397—403 

"Faces.    See  Excrements. 
Fat,  origin  in  the  body,  366 — 368,  632, 
633 
,  general  properties,  detection,  and 

occurrence  of,  81 — 87 
,  emulsiHcation   of,  290,  298,  299, 
310,  311,  334,  336—338 
in  blood-aemm,  122,  172,  176 
in  chyle,  183 
in  yolk  of  egg,  412 
in  pus,  199 

in  excrements,  336,  338 
in  fatty  tissue,  364 
in  bile,  238,  239,  240 
in  the  brain,  391 
in  the  urine,  661,  662 
in  the  bones,  360 
in  milk,  422,  423,  424,  431,  433, 
434,  435,  442 
,  caloric  value  of,  616,  617 
,  nutritive  value  of,  616 — 619,  621, 

637—642 
,  rancidity,  83 

,  absorption  of,  334 — 336,  341 
,  behavior     to     intestinal     juice, 

290 
,  behavior  to  gastric  juice,  278 
,  behavior  to  pancreatic  juice,  298, 

337 
,  saponification  of,  82,  86,  298,  310, 

338 
,  action   on  the  secretion  of  bile, 
223 


Fat-metabolism    in   activity   and  at 
rest,  383— 385 

in    starvation,    621, 

622 
with   various  foods, 
630,  632,  637—641 
Fat-cells,  354 
Fat-sweat,  579 

Fatty  acids,  general  properties,  detec- 
tion   and     occurrem.-e, 
82—86 
,  absorption  of,  334-^336 
,  synthesis  to  neutral  fats^ 
335,  355 
Fatty  defeneration,  208,  356 
Fatty  infiltration,  208 
Fatty  series,  behavior  of  the  respective 

members  in  the  animal  body,  523 
Fatty  tissue,  354 

,  behavior  with  gas  trie 
juice,  272,  278 
Feathers,  49,  577 
Fehling's  solution,  69,  549—652 
Fellic  acid,  230 
Fermentation,  6,  10,  64,  68 

in  the  intestine,  313 
in  urine,  505,  564,  565 
in  contents  of  stonuck, 

277,  281,  283 
See    also    various    fer- 
mentations.    Alcohol 
fern:e.itatioD,  etc. 
FermentatJon  test  in   the  urine,  547, 

553 
Fermentation   lactic   acid,    properties, 

occurrence,  etc.,  371,  373 
Fermentation  lactic  acid  in  the  brain, 

392 
Fermentation  lactic  acid  in  the  stom- 
ach contents,  277 
Fermentation  lactic  acid  in  the  gas:r  e 

juice,  264 
Fermentation  lactic  acid,  formation  of, 

in  the  souring  of  milk,  422 
Fermentation  lactic  acid  in  urine  fer- 
mentation, 664 
Fermentation  lactic  acid,  detection  c^ 
in  stomach  contents,  285 


^^^^^^^^K^^^^Tm>sx.          ^^^^^^^BT^^^I 

Fermuiti,   in   gencriU,    10.    &«e    alio 

Food,  Inilucoce  of,  on  tbe  aecretioii  ol 

various  oiixyitioi^ 

intestinal  juice.  299 

Fever,  ditninatiuD  o(  ninmonia  in.  917, 

.  infim»nw  nl.  on  the  werctlon  of 

&)» 

bile.  tiS 

,  eUminalion  of  uric  «cid,  AH 

,  intlii'i'utM*  of.  on  the  aecretion  of 

,  pliminiittoM  <.>[  uri'u,  4M 

(fsatric  jiiin>,  202,  2<t3 

,  eliminntioa  vt  potA«»tuin  salts, 

,  influence  ui,  on  the  ttrcretloo  of 

S17 

[MDcnniLic  juioe,  295 

,  mctaboliBiu  ol  pruteido  io.  454, 

,  inlliipnee  of,  on  the  etlmiaatioB 

474 

of  nmmnnin,  hll 

FibrM,  elantic.  in  sputum,  itOII 

,  iiiHiK-nee  of.  on  tlie  elimination 

,  reUfulnte,  342 

iif   urtr  iifid,  47.T 

Kbrin,  l«.  112 

,  inlluence  uf.  on  the  elimination 

,  octfurrrnd*  of,  in  trHDSudatiotu, 

of  urm,  4fl2,  4.'S.1,  021 

188,  lOI-KUl 

,  inHu^nce  of.  on  th(?  elimination 

,  proi>trtie*  of,  U4 

of  CO  ,  111.-.,  022 
,  infliienri*  of.  nn  the  elimination 

,  ilPnli^'n,  4U.t 

Fibrin  ooaRiiI&lion,   114— 119. 153— L^ 

of  mineral  liodiej.,5I(),  312,917 

Tlbrin  culruli,  325 

,  influence  on   oiotaboliaiu,  0£5 — 

Fibrin  digestion.  267—271 

042 

tlbrinr  noliiblr.    i^r  .SrrglobuHn. 

rich  In  prolrid,  630—637 

Fibrin  fCTment,  13,  115.  118.  117.  1S7— 

,  mixed.  8.17-642 

iii:i 

,  inauflleieot.  B2o— 030 

Fibrin  formation    (nw  Fibrin  (•rmguta- 

Pood-sLufTs,    ncreiuary,  8117 

tionj,   114—111),  153—103                    j                     ,   hfttt    uf    combuittioii    of,                  1 

Fibrin  plobulin.  117.  I'ii                                                    «]6— Ollt                                           | 

Fibrinogrn.  IK.  Ill,  UK,  li:i,  l^ti,  litO. 

Formaliifhydc,     torTnalinn     of     auf^ar 

161,  18!,  IBO 

from,  07 

FibriTioIyii*,  115 

Forniiv  arid  In  tintter,  424 

(Ibiitioplastic     «ubst«n<v.       Bee    Sir- 

in  gnKtric  content*,  288 

gl<i^bunn. 

,  p  a  B  s  a  K  c    of.   into   the 

tibroin,  18,  57 

urhic,  505,  523 

Filtration,  relalion  to  abmrplian,  340 

Formose,  07 

Ki«l»cgB»,  M.  4i; 

Frog's  e^gs.  roenibmnc  of,  44 

Fish-bones,  351 

Fnictow,  on.  HI.  (KI.  Ofl,  67.  71,  77 

FiKhscalcx.  lOS 

in  urine  (at.*G  L«evulow),  5M 

Fiah  air-bladder.  lOfi.  003 

Fruit-suj^r.     9?c  FruutoH. 

Flesh,    metaboliBin   of,   in    starvation. 

Fumaric  arid.  2-1 

«21 

Fiindit:*-^|jindi*.  2H),  873 

,    in«!taKolisni    of,    with    variolic 

Fungi,  glycoppn  therein.  210 

foods,  fl3E>— 042 

FQrhring«T'»  Mlbuniin  twiKent,  5.'U 

,    acrllinillitlinn   ff,   vrilii   vnriniin 

Fiirfnranni'liirir  iiciil,  .^24 

foudo.  030,  631,  633,  034.  O-ie, 

Furfurol   fioni  jil}''^'"'""'''  at'id,  5OT 

039-041 

fruni  penloH^'e.  06 

Flesh  (itiotJcnt.  388 

,  rclutton  in  Peltenkofcr's  tMC 

Fluorine  in  bom-s.  340 

for  hilr-acida,  226 

in  tnnmel.  35-t 

,  reaftent  for  urea,  4.W                                 ' 

Fly-tnaggota,  formation  of  fat  in,  3S7 

,  bvliui-icir  iu  Ihe  body,  524 

680 
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Fnecin,  399,  400 

Oalaotonic  acid,  72 
OaUctoae,  61,  66,  72,  80,  428 
from  cerebrin,  394 
from  vegetable  bodies,  443 
,  relation  to  glycogen  forma- 
tion, 216 
Gtdlie  acid  in  urine,  497 
Gallois'8  inoflit  t«8t,  370 
OaB,  exchange  of,  with  various  ages, 
646,647 
,  exchange  of,  by  the  skin,  582 
,  exchange  of,  in  starvation,  615, 

622,624 
,  exchange   of,    in    various   condi- 
tions of  the  body,  384,  622,  624, 
643,  644 
,  exchange  of,  in  muscles,  376,  378, 

384 
,  exchange  of,  with  various  foods, 

643,644 
,  exchange  of,  abstinent  value  of, 
624,  625,  646 
Gases  of  the  blood,  583—590 

of  the  intestinttl  contents,  316 

of  the  bile.  241.  591 

of  the  urine,  519,  592 

of  the  hen's  egg,  417—419 

of  the  lymph,  182.  590 

of  the  milk,  433,  5»2 

of  the  mUBules,   375,   37C,   378, 

384 
of  the  tranHudations,  190,  592 
from  woman's  milk,  436 
Gastric  catarrh,  283 
Gastric  contents.     See  Chyme. 
Gastric  fistula,  262 
Gastric  juice,  262 

,  secretion  of,  262,  263 
,  estimation     of    acidity, 

284,  286—288 
,  relation  to  intestinal  pu- 
trefaction, 320 
.  ,  artificial,  267 
,  action  of,  34,  35,  267 — 
270,276—283,427,436 
Gdatin,  54 


Qelatin,  relation  to  the  formation  of 
glycogen,  214 
,  putrefaction  of,  64,  314 
,  nutritive  value  of,  636 
,  behavior  to  gastric  juice,  271 
,  behavior  to  pancreatic  juice, 
307 
Gelatin-forming   substances    (see  Col- 
lagen), 63 
Gelatin  peptones,  55 
Gelatin  sugar.    See  GlycocoU. 
Gelatinous  tissue,  343 
Gentiaic  acid,  498 
Oentisic  aldehyde,  498 
Germ  of  the  hen's  egg,  410 
Globin,  140 

Globulicidal  bodies  in  serum,  178 
GlobuliuB,  18 

,  general  properties,  30 
in  urine,  534 
in  protoplasm,  90 
See  also  the  various  giobn- 
lins. 
Globulin-plates,  151 
Globuloses,  36 
Glucase  in  the  blood,  124 
Glucocyanhydrin,  61 
Glucoheptoae,  61 
Gluconic  acid,  61 
Glu  CO -proteins,  30 
Glucoaamin  from  chitin,  574 
in  cartilage,  345 
Glucosan,  68 
Glucose.    See  Dextrose. 
Glucosoxinte,  61 
Glutamic  acid,  21 
Gluten  protein,  42 
Glutin.    See  Gelatin. 
Glycerin,  relation  to  the  formation  of 
glycogen,  214 
,  action  on  the  elimination  of 

uric  acid.  473 
,  solvent  for  enzymes,  1 1 
Glycerin  aldehyde,  67 
Glycero-phosphoric  add,  93,  176,  Ml, 
238 
in  urine,  605, 

5oe 


^^^^^^^^^^BX.                                                 6«1 

<31ycia.    Se«  G!y<jo«>II. 

Glycunnuc  acid,  conjugalMl,  491.  493. 

OlroochoUc  acid,  225.  SS«,  227.  240 

4at>.  so(j 

,  prop«rtl«B  of,  22T 

,  conjuKtition    of.    in 

.quADtity  in  ex. ore- 

Uie  body,  624,  029 

meats,  317 

,  origin  of,  524 

in  r«riou»  •Dinikl 

Glyozj-I  diureid.     Kce  AlUnloin. 

bUea.  241 

Oroelin'it  Lejit  fur  bile- jiig men t,  235 

,  ab<u>rptHin  of.  34U 

tM>l      for     bi)i>- pigment     in 

,  behnnor  in  ihe  pu- 

urine,  343 

trefaclioa     iu     (b« 

Ooatmilk.  434 

iutcHtinc,  317 

OooM-ftit.  abMrption  of,  336 

Clycocol],  pTO|i«rtieB  of,  231 

Oout,  elimination  of  uric  aeld  ia,  472, 

,  formalion  from  gfUitin.  M, 

474 

3)4 

Graafian  folliolex.  406 

,  foruMitloa  from  otlier  pro- 

Grape-[nolo*.  41P 

tein  SHbsUQCCB.  64 — SO 

Gravimetric  eatimiition  of  proteid  in 

t  rrtatlon  to  the  formation  of 

urine,  530 

uric  acid,  471.  475 

UnaiacDm  blood  test.  539 

,  relftlioti  to  (he  formation  of 

Guajtin,  propcrtieii  ami  orcurrance,  106 

^^^^                   wrca,  455,  623 

in  urinp.  4K4 

^^^B           ,  Bj-nthmeB  wilb.  3,  4M5,  4BR, 

,  quRHlity  in  liver.  208 

^^P                524.  527 

,  (luaiiUty  in  pancrcaa.  292 

Clyeogeu.  77.  8U.  21tX— 219 

,  quantity  in  epenna,  400 

, 

m                    .  origin  of,  213—217 

Gusnin  calcium.   106 

^^                   ,  (general    (.lieuiLiil    beliavior, 

Giianin  i;oiit.  llDS 

^^K 

Guiuio,  105,  472 

^^^H          ,  relation  to  mnsoiilur  aottv- 

Guiinu  bile-a»d«,  227 

^^H                ity,  S78-36.1 

Guiuiovulit,  417 

^^^H           rplntion  to  rigor  mortii,  SIG 

Gulonic  Hcid  larton,  500 

^^^^B         ,  relatior  tn  the  formation  of 

GnloAe.  m.  71 

^^^B                  BUf;«r. 

Guma,  rnrioua,  135 

^^^^1           ,  oceurrenee    of,    iu    aputuui, 

Gutu,  animal.  46 

^^H 

in  urine,  805 

^^^H         ,  oocumaee  of.  in   mnaolow, 

^^H              370 

Hnmataeromeler,  AM 

^^^H          ,  occurreiwe  of,  in  the  lung«, 

Hfematin,  141 

^^H 

,  rt-latinn  to  bilimbin,  245 

^^^^n          ,  ocruiTPnoe   of,   in  proto- 

.  reUtinn  to  urobilin.  245, 499 

V                            pla«ni,  90,  9$,  150,  1B9 

,  jjroptrrtie*  of,  141 

■  ClyeoljiiB.  123.  IBl.  2H 

Hie  matino  meter.  146 

1   Glyrolftic  cnitytnp,  124 

HntnatobUats.  151 

■    (;i5co-protcid«.  18.  31.  1.1.  ft2 

Ha^matochlorin.  410 

r.lj-coauria,  123,  219,  220.  644 

HnmntocriC.  105 

M    OlycoKiirir.  arid,  4SB 

HceniatneTysta.lliR.       See     OxyhtemA- 

■    Olycuron,  507 

glohin. 

1   Olycuroalc  iicld,  relation  to  tflycog^a 

Hiematoidin.  143 

B                                      formation,  214 

,  reUtlun  to  LiLlirabia,  14S, 

^B                            ,  properties  of.  506 

233.  243,  244 

B 

-M 
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Hiematoidin,  properties  of,  146 

,  occurrence  in  expectord- 

tions,  606 
,  occurrence  in  corpora  lu- 

tea,  406 
,  occurrence      in      excre- 

menU,  322 
,  occurrence  in  sediments, 
668 
Htematt^n,  411,  417 
Hematoglobulin.  See  Ozytuemoglobic. 
Heematolin,  144 

HematoporpbTrin,  relation  to  biliru- 
bin, 144,  245 
,  relation  to  urobi- 
lin, 501 
,  properties  of,  144 
,  occurrence    of,    in 
urine,  540 
in    lower   animal  b, 
678 
Hfematoporpfayrinuria,  540 
Hematuria,  538 
Hsmerytbrin,  148 
Hiemia,  142,  143 

HEemin  cryetala,  142,  143,  144,  540 
Hnmochromogen,  131 

,  properties  of,  140 
,  occurrence  in  mus- 
cle, 366 
Htemocyanin,  14S 
Hemoglobin,  43,  136 

,  properties  and  behavior, 

136 
,  quantity  in  blood,  130, 

131,  169—174 
,  quantitative   estimation, 

148 
,  behavior  in  trypsin  di- 
gestion, 308 
See  also  Oxyheemoglobin 
and   the  combinations 
of    htemoglotHn     with 
other  gases. 
Hsemoglobinuria,  538 
Hiemometer,  148 
Hemosiderin,  246 
Hoeser's  coefficient,  621 


Hair,  49,  673 
Hair-ash,  573 
Hair-balls,  32S 
Hair-pigments,  576,  677 
Half  rotation,  64 
Haptogen-membrane,  423 
Heat,  action  on  metabolism,  U5,  6U, 
650,  651 
of    combustion     of    food-atnfla, 

617—619 
,  loss  of,  by  the  skin,  582,  620^ 
645,  646 
Heat  development  in  plants,  2 
Helicoproteid,  18,  47 
Heller's  albumin  test,  26 

albumin  teat  for  urine,  632 
Heller-Teichmann's  blood  teat,  639 
Hemialbumose,  35 
Hemicellulosea,  80 
Hemicollin,  56 
Hemielaatin,  62 
Hemipeptone,  36 
Hemp-seed  calculi,  670 
Hen's  e^,  410—418 

,  incubation    of,     418,    419 
Heteroalbumose,  35 
Heterozanthin,   102 

in  urine,  484 
Hexobioses,  72 
High  elevations,  action  on  the  blood, 

600 
Hipptnnelanin,  576 
Hippnric  acid,  485 

,    properties    and    reac- 
tions, 487 
,   formation    in    the  or- 
ganism, 3,  436,  487, 
4S8,  527 
,  cleavage  of,  485,  489 
,  occurrence,  486 
,  occurrence    as    sedi- 
ments, 568 
Histon,  101,  158,  162,  203 
Histozyme,  489 
Hofmann's  ty rosin  test.  305 
Holothuria,  mucin  of.  47 
Homocerebrin,  392,  394 
Homt^^entisic  acid,  493,  497,  498 


^^^^^^^^^^^^^^^^^^^^^^^^^^^^TB^^^^H 

Bnpkins'a  method  for  the  MtimatloD    Hydroclilorlc  Kcid,  a?tton  on  the  py-             ^^| 

ol  uric  aiml,  481 

tonu,  270                           ^H 

Huiipe-Scylcr'd   r» r bo D -monoxide   teat. 

,  qtuatity     in    nas-              ^^| 

130 

trii'  juice,  iM                ^H 

xantliin  teat,  106                                                ,    quuntitative    call-                ^^^ 

Horn.  «,  673,  870 

mation            ({■«•               ^^H 

Horn  8ul»ta.nc«  in  the  (cixxard  of  birds, 

trie      ooBt«ait4,              ^^| 

St 

2M                                   ^M 

See  aim  Keratin. 

f  reagents    for    frve.            ^^| 

Uucklebe^nicR.  coloring  nutt«r  of,  In 

'2»R,  -JRtl                                ^H 

_         urine,  A30 

■  Hutnin  >itib«liinc-c)(  in  urine,  499,  630 
Humor,  iU)iiGous,  19S 

,  action   on   protHd,              ^^H 

SI,   27.    32,   2ti8»              ^H 

^H 

Uu|>|H.Tl'e   rfuvtlon   for   bile- piemen t^, 

Hydrogen  in  putrefactive  and  feimea-              ^^| 

^                          235 

^P                    reaction    for    hilcpigmenta 

tivc  prDcc«AC«,  5,  314,  310                                ^^H 

llydrcigen  peroxide  in  urine,  filO                          ^^H 

in  UTin«,  643 

,  drmmiu-iHitton   of,               ^^^| 

Hyalines,  4T 

by    Pnzymea.    12               ^^^| 

B                    of    the     wnlls    of    tiydatld 

Bydrolytie     itplittins".      in     fteneral,              ^^| 

^^^_^                cyaU.  676 

0.  10.    See   alHu   the   various   split-             ^^| 

^H^^          of    Rovidtt't    Bubstanc«,   91, 

tinga.                                                                   ^H 

^■^^                129.  160,  199,  403 

Hydroncphronifi  fluid,  44S                                   ^^H 

Hyalog^^n,  47 

Hydrujiaraeuinaric    acid    in    pulrefao-               ^^H 

UyHlonnuruicI,  400 

tinn  in  thv  intnttinc,  .'106,  314                           ^^^| 

BynlopliMiu,  W,  m 

Hydrcjphenoketon,  7                                            ^^H 

Hydatid  ryats,  576 

Uydrucyuuc  mid,  action   on    pepiiln            ^^H 

Ilydrnrrylic  acid,  371 

digestion.     270             ^^| 

Hydripmia,  173 

,   HCtion  on  trypsin,             ^^^| 

Hyilrumnion,  419 

digestion,   301                ^^f 

Hydra  znn(^,  A2 

Hyo^lynochollc  add,  227                                                1 

Uydrobilirubin,  234 

HypalbuminoMS.   176                                            ^^J 

,   relation   to    urobilin, 

Hyi>eraIbuniinosi(i,  176                                         ^^H 

m                                     245.  317,  601 

Hypcrgly^-trinia.  £20                                            ^^H 

^L                         ,  fonnalion    in    puCre- 

Hyperinofiis.  176                                              ^^H 

H                                   taction,  317 

HypinowiH,   176                                                      ^^| 

W  BTtbomle  fluids,  104 

Hypnotica,   relation   to   glycogen   for-             ^^H 

Qyilrodtiriiiniic  acid,  Iwliavictr  In  tbn 

mution,  214                                                        ^^H 

body.  48<l 

■  HydrrKhlnnn,  4»;i.  HXi 

■  Hydroehinon- sulphuric   ncid,   480,  4ni 

Hyimaulphurous    acid    in    the    urine,            ^^M 

Sftti.  A24                                                                     ^H 

H>-poxnnthinj  relation     to     urir-aeid            ^^M 

Hydrochloric  add,  secretion  of.  in  tlie 

fortnatton.  476                       ^^| 

sionijuh,  2rt3, 274, 

,    propprlJj'M,  1(10                            ^^H 

277.  2S3 

,  quantity    in    the    liver,             ^^| 

»  anti-f^rmc-ntivc  ac- 

208                                          ^H 

tion  of.  262 

t    quantity  in   the  mus-            ^^H 

,  action    on   the  ■&• 

<!l«B,   366                                 ^^M 

CTptifin     of    pop* 

,   quantity    in    the    pan-             ^^H 

aia,  £62 

creaa.  21)2                                    ^^M 

%                                                                                        J 
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Hypoxastfain,  qaantity     in     the 

aperma  (seeSarkin), 

406 

,    transition     into     the 

urine,  484  ^ 

Ichthidin,  411,  417 
Ichthin,  417 

IchthuHn,  IB,  47,  411,  417 
leterUB,  222,  246,  247 
,  blood,  176 
,  urine,  602,  542 
Immunity  against  infection,  16 
Indican,  urine,  403 — 495 

,    elimination     in     starraUon, 

317,  494 
,  elimination   in   diseasea,   494 
Indican  test,  Jaffa's.  495 

,  Obermayer's,  496 
Indigo,  493 

in   the  sweat,  581 
Indigo  blue,  495,  500 
Indol,  properties,  314,  315 

,  formation  from  proteids,  22 
,  formation  in  putrefaction,  S14, 
317.  489,  494 
Indophenol  blue,  behavior  in  the  tis- 
sues, 5 
Indoxyl,  48B.  494 

Indoxyt-glycuronic  acid,  493,  496,  529 
Indoxyl  red.  495 

Indoxyl -sulphuric  acid,  489,  493 — 495 
InoHinic  ncid,  .166 

Inosit,  properties  and  occurrence,  369 
in   urine,  505 
,  relation    to    the    formation    of 
glycogen,  214 
Internal  respiration,  583,  593 
Intestine,    putrefaction    processes    in, 
313—320 
,    absorption     in,     318,    320, 

327—341 
,    digestion  processes  in,  309 
—314 
Intestinal  calculi,  325 
Intestinal  contents,  309 — 325 
Intestinal  fistula,  289 
Intestinal  gases,  314,  316 


Intestinal  juice,  28^—291 
Intestinal  mucous  membmne,  289 
lotraeellular  action  of  etaymtt,  11.  7S 
laulin,  71,  76 

as  a  g1yc(^n-former,  214 
Inversion,  10,  73,  272.  290,  309,  3S£ 
Inverfin,  74,  257,  297 
Invert-sugar,   10,   73 
Iodine  combinations,  passage  of,  into 
the  milk,  44S 
,  passage  of,  into 
the     sweat, 
681 
,  passage  of,  into 
the      saliva, 
260 
Iodoform  test.  Gunning's,  668 

,  Lieben's,  558 
Iron  in  the  blood,  126,  167,  168 

in  the  blood-pigments.   131.  141, 

143,  146,  246,  246 
in  the  bile,  238,  241 
in  the  urine,  619 
in  the  liver,   183,   184,  238,  S4S. 

246 
in  the  milk,  433.  437.  443 
in  the  spleen,  201.  202 
in  the  muarlea.  .174 
in  new-bom.  201.  210.  440 
in  protein  subntancps.  17,  19,  31, 

32,  98.  99,  201.  207 
in  cells,  109,  110 
,  elimination  of,  238,  245,  246,  519 
,  quantity  of,  in  bitch's  mitk  and 

new-bom   dogs,  440 
,  absorption  of,  173,  629 
,  grains  rich  in.  of  the  spleen,  201 
Iron  salts,  elimination  by  the  urinr, 
519 
,   action  on  the  blood,  173 
,    action    on    trypsin    diges- 
tion, 301 
,    action  on  absorption,  173, 
629 
Iron  starvation,  629 
Ischuria  in  cholera,  681 
Isocholesterin,  260 
Isodynamic  law,  618,  619 


^^^^^^^^         INDEX.                                             685 

J 

laoglii«Q«aBlB,  41 

laborer,  diet,  OSS— fifiS 

H 

iMimalKiM,  19.  74,  76,  fiM,  £DT 

Lactalbuniin,    IH,  428 

^^1 

ID  urine,  fi05 

LactatM,  373 

^^1 

IWMacehArin,     relation     to     glyoogen 

Lactic  acidi,  371 

^^1 

(ormAtion,   Sll 

in  the  intestine,  31S 

^^1 

iMtnnit!  retationnhip,  Iftt 

in  the  urine,  3K0,  503 

^^1 

Iftotropou*  tubstAiicc,  361 

in  rhe  hones,  352 

^H 

Irory,  3M 

in      tlie      npidbriv      juivr, 
£C4 

H 

JsffS't  indiono  ti^t,  4R5 

,  relntion  (o  the  formatioD 

^H 

er«LitinIii   reactloD,  400 

of  uriv  avid,  475 

^^1 

.lanthinin,   678 

S(>e  bImo   I>tira)actic   and 

^^1 

.lAjiano.tc,  nniimhnimt  of,  KV3,  064 

Fermentation    1  o  c  1 1  c 

^H 

Jaune  iadien,   500 

neid. 

^^1 

Jocorin,  05.  123.  '201 

Lactk-««id  fcniK'otatioo,  OS.  27 1.  283, 

^H 

,  propertk-s  und  or  cur  re  doc,  208 

332,      3T1, 

^^1 

Jrqiilrltjr  bean,  I.i 

43&.  ISO 

^H 

Jollnt'n  rpnctton  (or  bilc-pi^in<^nl»,  543 

in  inteftline, 
3<ltt.       371 

■ 

Kairin,  action  on  ii\e  uria«,  530 

in  mine,  504 

^^1 

K     Kephalinm.  3»l 

in  atomiteh. 

^^1 

1     Ktphir.  434 

277.  283 

^H 

H                .  prcveoUvc    aclioci    un    putre- 

in  tnillt.  422. 

1 

B                       rartion,  318 

i-19 

1 

H     KcrMin,  302 

Lacto-carsniFl,  428 

1      KcnUnx,   1)4,  40,  ri73 

l^eto-globulin,  428 

1                   )  properties  of,  49,  50 

Ijict.n-proloin,  4:^8 

^K                  ,  Muivior  wHli  gastric  juice, 

Lactose.     See  Millc-augar, 

^^^                  271 

I,«vu  lactic  acid,  371 

^^^^kr         ,  bfihavior     witli     pancreatic 

lAin«e,  655 

^^^V                   jilic«,  308 

Lanolin.  250,  S79 

VwiltecM,  H) 

I.ftrd.  H botorpt ion  of,  33d 

^  CekMi,  eo,  ea 

l>tt<>hra,  410 

■  Sldiwyi,  440 

I^turit*  a«id  in  l»utier,  AiA 

^V                 ,  ^^]at(oD  lo  fonuatlon  of  uric 

in  spermaceti,  8(t 

^^                      add,  470 

lAXatiTea,  action  on  tlie  Mood.  17fi 

^^^^^         ,  rrtntiun      to      furmation      at 

,  actiim  on  the  «e(?relion  of 

^^^^B 

iiitinitirui]   juice,  ^)49 

^^^^B        ,  relation  to  formation  ol  hip- 

.  action  of.  324 

^^^^P               puriv  Hcid.  487 

Lead  in  hlntid,  ItiH 

V    Kjrlduhl's  iiKlhod  of  detennining  ni- 

in  the  liver.  210 

■        trog«».  4rtl,  4«tt 

,  pawiage  of.  into  mlllc.  443 

Koapp's  tilrdtion  method.  S52 

Leclthalbumiju,  31 

Knnp-ilUfncr'n    rtn-thod    for   detcnnis- 

,  relation  to  the  neat- 

inff  ur»a.  460 

tionof  gaalric  joice, 

■     KiiinyKM,  434 
1  '  Kycatcin.  566 

274 

,  relation  (o  the  ^acra- 

Kynurcnlc  add,  4fl7,  609 

iion  of  Brine.  448 

^ 1 
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Lecithin,  properties,  occurrence,  etc., 
93 
,   action    on    the   coagnlRtion 

of  blood,  100 
,   putrefaction  of,  94,  317 
,   behavior  in  muscular  actir- 
ity,  381 
Legal'a  reaction  for  acetone,  S68 
Legumin  from  peas,  42 
Lena  (see  Crystalline  lens),  400 
,  capsule  of  the,  47,  400 
,  fibres  of,  401 
I^o's  method  for  the  determination  of 
acidity,  288 
su^r,  655 
Lethal,  86 
LeucKmia,  blood  in,  103,  174 

,  secretion  of  uric  acid,  202, 

474,  478 
,  xanthin  bases  in,  103,  174, 
202,  483 
Leuceine,  20 
Leucin,  20,  21,  60—67,  302 

,  relation   to  the  formation  of 

uric  acid,  476 
,  relation   to   the   formation  of 

urea,  455,  523 
,  preparation  of,  305 
,  properties  of.  302—304 
,  transition  into  the  urine,  562 
,  behavior  in  the  body,  455,  523 
Leucinic  acid,  303 
Leucinimid.  24 

Leucocytes,  relation  to  absorption,  330 
,  relation   to    formation    of 
uric  acid,  476 
in  the  thymus  gland,  91, 

92 
See  also  the  white  blood- 
corpuscles. 
Leucomaines,  15 

in  urine,  600 
in  muscles,  369 
Leuconuclein,  151),  162,  203 
Lerulose,  relation  to  the  formation  of 
glycogen.   216.   221 
,  absorption  of.  332 
,  behavior  in  diabetics,  221 


Levulose,  occurrence  in  urine,  564 

See  also  Fructose. 
Lerulinic  acid,  66,  428 
Lichenin,  77 
LieberkOhn's  alkali-albuminate,  32 

glands,   289 
Lieberman's  reaction  for  proteids,  27 
Liebermann-Burchard's  cholesterin  re- 
action, 249 
Liebig's     titration    method  for    ana, 

461 
Ligamentum  nuclue,  SI 
Lignin,  79 

Linseed  oil,  feeding  with,  350 
Lion's  urine,  471 
Lipcemia,  175 
Lipacidnmia,  175 
Lipanin,  absorption  of,  335 
Lipochromes,  125,  412 
Lipuria,  662 
Lithobilic  acid,  326 
Lithofellic  acid,  326 
Lithium  in  the  blood,  168 
Lithium  lactate,  374 
Lithium  urate,  478 
Lithuric  acid,  609 
Liver,  20ft-210 

,  relation    to   the  formation  of 

uric  acid,  475 — 477 
,  relation    to    the    formation   of 

urea,  455,  457,  458 
.  blood  of  the,  169,  206,  217 
,  proteids  in,  207 
,  fat  in.  207,  208 
,  amount  of  sugar  in,  217 
,  atrophy  of,  acute  yellow,  459 
,  atrophy  of,  elimination  of  am- 
monia in,  468 
,  atrophy  of,  elimination  of  urcs 

in,  458 
,  atrophy  of,  elimination  of  len- 

cin  and  tyrosin  in,  662 
,  atrophy  of,  elimination  of  lB^ 

tic  acid  in.  372.  606 
,  extirpation    of,    elimination   of 

ammonia,  457,  474 
,  extirpation   of,  elimination  of 
uric  acid,  474 


^^^^^^^^^^^^^^^^^^^^^^^^^^^sr^^^H 

lirer,  extirpation    of.   elimiaation   of 

&Ca(rncsium  soaps  in  oxcrmuents,  322                 ^^H 

lActip  nHdfi.  3'2.  -17-1.  fiOO 

Malaria,  ITtt                                                           ^^| 

,  extirpntion    or.   nation   on    tbo 

Malcrba's  acftonc  reaction.  S69                          ^^H 

H                  formntinn  of  hUe,  242,  -J44 

Mnll    diuotikM-,  267                                                      ^H 

H           ,  oirTboBM    ot,    a«citiu    lluid    in, 

Maltodf-xtrin.  7S                                                    ^^M 

■                 103.  194 

MaltoM!.  74                                                             ^^M 

^K           ,  oirrhosie     of.     action     un     tbc 

,  relation    to   stArcli,   76,   256,              ^^M 

^M                <>limlnatlnn   of  ammonia  an4 

^H 

H                 urok,  4.')S 

iibitorptloD  nf,  SiVi                                ^^M 

■  LuTiKa,  OOS 

,  relation    to    glycof{«Ti    forma                ^^H 

'                ,  cNthetttT  fur,  5»5 

^H 

Lutein,  412 

,  relation    to    intmtinul    juics,              ^^H 

Ln  corpora  Iiit4!a,  400,  412 

^')7.  3t»,  332                                      ^H 

in  yolk  of  tJie  pr^,  412 

Mnmmary  fflunds.  420,  441,  443                         ^^| 

K                  in  wntni,   Mo 

^f                relatioa    to    hematoidin.    145 

Man  in  |iiMirbnu>i«i  diet,  657                                    ^^^| 

Mundolic  acid.  r»27                                                ^^H 

400 

Manoiti!,  01.  07                                                      ■ 

Lymph.  180—188 

,  rrlaliun   Lo  glycogen  foniiE<               ^^m 

Lympliagoitiiffl.  l!*0,  18.'> — 188 

214                                             ^H 

I.ymphatio  ^lnndp>.  200 

MannoiP.  67.  71                                                     ^^H 

Lymph-c^HA,      qtinntitatir^     {composi- 

MHiiDO«>o-cf|]u1o<tp. 80                                               ^^H 

tion  (if,  20;i 

Mare'K  mitk.  434                                                        ^^M 

&ev   n1iK>   Wbit«   blowl- 

MarKirin?  and  inargnrio  atyid.  84                        ^^^| 

oorpuiw!**. 

Mar»li-gH)>  in  iiiti-ntint*.  .1)4.  317                        ^^H 

Lyinph-flbrinof;en.    See  Tiaaue-tlbrino- 

in  piitrffartion,  22.314,3)7               ^^M 

g*-n. 

in    fcrmmlAtion    of    ctfllu-             ^^H 

Lyaatin.  SI.  4&4 

317                                           ^H 

Lynatinin.  21.  60.  52.  .M.  5(1,  302.  313 

Ibi-     i]fr<ini|Mii>iUan     of               ^^^| 

Ly«in  21,  50,  52.  M,  5fi,  306.  S13,  454 

ledthin.  94.  317                             ^H 

M«u,t,   coiuuinatinn   of.   In    iaLcatina.)            ^^H 

Msckerel,  (Icsti  of.  397 

cana),                                                  ^^M 

Mai)dr>r.  feeding  with.  351 

.   rnlorii'  vfliiir,  617.  8)8                             ^^H 

K    Magnesium  in  urine.  !>\3.  519.  &2S 

,   djfr«)^tihility.  27n.  280                               ^H 

H^                       in  bonr»,  346 

,    <uiti|HjHiLirjn,     358,     367,     38fr—               ^^M 

K                       in  mu««l<>o,  S74,  366 

388                                                                  ^H 

^P                     Sgp  also  the  variouH  tis- 

S<^  mu.'trtcii  in  gennrfti.                           ^^H 

»\ie'j*  am)    Hiiiil!*. 

Mproninm.  323                                                            ^^H 

MAgUMium    phosphate    in    int^tinn  I 

MHannnna.  )7B                                                    ^^H 

■                                                  calniU.  336 

M^laninn,    rrlutiim    tu  btrKxI-pigmenlit,               ^^^| 

^H                                                   in    iirinn,  ."ii:). 

246                                                         ^^^ 

H                                                 519 

,  propcrtifii    mill    occurrciK^,             ^^H 

^^^^^ 

676—678                                           ^H 

^^^H                                            calculi, 500. 

In  thr  pyr.  400                                    ^H 

^^^B 

in  thi?  urine.  641                                ^^H 

^^^^B                                    In       nnfLflry 

Mi^Ianoffn  in  tlic  iirinr,  Ml                               ^^H 

^^^^H                                            aiNlimpntii. 

Me)anottc  Barcoma,  pigments  of,  S76,              ^^M 

^^H 

^M 

^^V                                In  bonot,  349  j  Mel«bio«,  7Q                                                    ^H 

dS8 
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SlsUltwniE,  170 

Meliuyl  alcohol,  87 

Uembranin,  47,  348,  400 

HenBtnuJ  blood;  170 

Mentliol,    behavior    in    animal    body, 

529 
Idsrcaptutic  acids,  629 
Mercury  salts,  passage  of,  into  milk, 
443 
,  passage  of,  into  sweat, 

SSI 
,  action  on  ptyalin,  258 
,  action  on  ti^psin,  301 
Mesitylen,  bebavior  in  animal  body, 

527 
Mesitylen ic  acid,  627 
Mesitylenuric  acid,  628 
MfltaboUBm,   dependence    upon   exter- 
nal  temperature,  422, 
650 
in  various  ages,  646,  646 
in  work  and  rest,  377 — 

386,  648 
in    the    different    sexee, 

646 
in   starvation,    619 — 62^ 
with  different  foods,  630 

—642 
in    sleep    and    awaking, 
660 
,    calculation  of  the  extent 
of,  612—616,  624 
Metalbumin,  407,  408 
Metaphoepfaoric    acid,    constituent    of 
nucleins,    98 
,    BB  reagent  for 
proteids,    26, 
633 
Methcemoglobin,  136 

in  blood  after  poison- 

ing,  177 
in  urine,  638 
Methal,  86 
Methane,    formation    in    putrefaction, 

22,  314,  317 
Methylenitan,  67 
Methyl  glycoeoll.    Sec  Sarcosin. 
Methyl  guanidin,  367,  469 


Methyl-gqanidin-aeetic      acid.        Se» 

Crctttin. 
Methyl-hydandoinic  kcid,  623 
Methyl  faydantoin,  471 
Methyl  indoL    See  SkatoL 
Methyl   mercaptan   in   proteid   pntre- 
faotion,  22,  314, 
316 
in  urine,  530 
Methyl   pyridin,  behavior   in  the  ot- 

ganism,  630 
Methyl-pyridyl-ammonium   hydroxide, 

630 
Methylursmin,  367,  469 
Methyl-uric  acid,  471 
Microoiganisms    in    intestinal    traet, 

13,  282,  313,  321 
Micrococcus  restituena,  329 
Micrococcus  ures,  606 
MUk,  420—444 

,  secretion  of,  441 — 143 

,  coneomation    of,    in    intestint^ 

330,  337,  338 
,  blue  or  red,  444 
,  anti-putrefactive     action,     31B, 
490 
in  disease,  443 
,  passage  of  foreign  bodies  into, 

443 
,  behavior  in   the   stomach,  276, 
281,  436 
See  also  the  different  vaiietiM 
of  millc 
,  human,  435—439 
,  human,   behavior    in   stomsGli, 

276,  436 
,  human,  composition  of,  436,437 
of  blondes,  439 
of  brunettes,  439 
MUk-fat,  424,  434,  435 

,  analysis  of,  424 
,  formation,  442 
Milk-globules  of  cow's  milk,  422,  423 

of  human  milk,  435 
Milk-plasma,  424 
Milk-sugar,  73,  428 

,  relation    to  glycf^en  for 
mation,  216 


^^^^^^^^^^^^^^r^DB^^^^^^^^^^^  e^ 

■      Hilk-sug»r.  iiropcrlies,  428,  420 

Uucilaj^.  vegetable,  77,  79 

^L                        ,  femu'ntation.     277,     423, 

Mucin,  IS,  4fi 

H                              42U 

in  oputuin,  600 

H                       ,  iDvenicin,  290.  332,  420 

in  connective  tissue,  342 

^K                      ,  caloric  value,  017 

in  urinr.  r>i>9.  637 

^^^^^              ,  quantiUUre     estimation, 

in  aa.livftry  glands,  44,  262 

^^^m 

,  d«tcrtinn  of,  tn  tlie  urine.  &'i7 

^^^H                 abiiorption,  .132 

Mucin-tilco  anbatances  in  bile,  2Sf) 

^^^^1               ,  pMHf;*-  of,  into  Uie  urine, 

in    urine,    SOS, 

^^^B 

537 

^^^^               ,  oriRin,  420,  442 

in  the  Icidneya, 

H     Bdillon'0  reii^Dt,  27 

440 

■      Mineral  u-ids,  alkali' removing  action. 

in  the  thyroid 

1                                        44S,  A17,  59IP,  6i& 

gland,   -20 i 

^L                               ,  anti-fn'incntivr    action, 

in  the  synovial 

^^^^^                 282 

fluid.    196 

^^^^^^^^          ,  action  uti  tJie 

Mucoids.  If).  47 

^^^^^^^F                 tion              annnooiiL, 

in  ascllic  fluids,  101,  19l1 

■                                   617.  «28 

in  thf  vitrcouJi  humor,  343, 

■       Mineral   bodies  t^litninatod   in  8tar\'a- 

400 

■                                       Uon.  823 

in  the  cornea,  348 

^L                                   ,  inntifficirnt  aupplj'  of. 

Mtidnogra.  44,  262 

^^                                       02A 

Mucin  peptone,  271 

^^^^^^^K            ,  bdia^lor          Ihe    or- 

Mucous  gUndn,  44.  251 

^^^^^^1^                   gnniflin.   GM                Mucous   meinbrnnoA   of   tbc   atonudi. 

^                          8m-  ibv  various  fliliiln,        201 

^KS^k                               luHueft,  and    jiiioM. 

Murotw  tiiwue.  343                                                  ^^j 

.MitoploAtn.  Wl 

idnciM  of  (be  bjl«,  224,  2S5                             ^H 

_        Mixture  of  the  tutroK^oouD  aubsUncr* 

■  in  the  urine,  iH.  473,  474 

■  Modiflul  protpid  bodicB,  30 

of  the  urine,  447,  500.  632,  537          ^H 

of  the  Kj-niiTial  fluid.  It'll                   ^^| 

Mulberry  ealnilua,  AID                                  ^^| 

Mohr'»  lltrntion  method  for  esUTriat- 

MurV'Xide  lent.  47B                                            ^^M 

in^f  chlnrinr,  6tf1 

MuBcIea,  atriat(>d.  300—388                                 ^H 

Mono#Mcrharide«.  00 

,  nonntrixted,  381)                                   ^^H 

Marner  and  SJ^JqTi»l'fl  method  of  «ti- 

.  blood  ol   Ui«.   170.  378.  3«4.          ^H 

muting   un-E, 

^H 

4M 

.  ch(>niicjii    prac<'M>e«    in    work           ^^| 

method  of  Mti- 

and  at  re«t.  377—386                     ^^M 

mntinj;  a«ida. 

in  rifior,  375—377                               ^^M 

28a 

,  proteid*  of,  3GI — 303                            ^^M 

Moora'a  tost  for  BUgiir,  9H 

,  extractive  of.  340—373                    ^^M 

Morphin,  panogo  of.  intu   the   urine. 

,  pitjcmvntit  of.  36.'i                              ^^M 

630 

,  fat  of.  374,  3tl.t.  3t)(t.  387                    ^H 

,  pauage  of,  into  the  milk, 

,  gnaofl  of.  375.  .377.  .tH4                           ^^B 

443 

,  caloric  ^■nlue  of,  fil7                                  J 

Mncic  acid,  77,  42S 

,  mtneTui  lio«liei>,  374,  380                    ^^| 

,  relation  to  j;l>'Cogen  for- 

, quantity  o(  water,  387                       ^^H 

mation,  214 

,  composition  of.  380                         ^^M 

690 
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Muacle-flbres,  360 
MuBcle-pigmenta,  365 
Huscle-plasma,  361,  362 

,  coagulation     of,     362, 
363,  376,  388 
Muscle-Berum,  362 
Muscle-stroma,  365 
Muscle-eugar,  371 
Muecle-syntonin,  365 
Muscular  ener^,  origin  of,  384 
Muscular  work,  chemical  processes  in 
the  muscles,  377— 
385 
,  influence       on       the 
urine,      448,      468, 
471,  608 
,  influence  on  metabo- 
lism, 377—385 
Musculin,  IS,  364 
Mussels,  gl}'cogen  of,  210 
Mustard-seed  oil,  action  on  the  secre- 
tion of  pancreatic  juice,  296 
Mutton-fat,  feeding  with,  355 

,  absorption  of,  335,  336 
Myco-protein,  19 
Myeline,  391 
Myeline  forms,  94,  391 
Mygge   and    Christensen's    estimation 

of  proteid,  537 
Myoalbumose,  364 
Myoalbumin,  364 
Myoglobulin,  364 
MyohEematin,  365 
Myosin,  362 

in  leucocytes,  150 
Myoatnogen,  363 
Myosin  ferment,  363 
Myosi  noses,  36 
Myricin,  87 
Myricyl  alcohol,  87 
Myristic  acid  in  butter,  424,  435 

in  the  bile,  238 
Myxoedema,  204,  343 

NaiU,  49,  573 

Naphthalin,  action  on  the  urine,  530 
,  behavior    in    the   animal 
body,  526 


Naphthol,  reagent      for     sugar,     70, 
649 
,  behavior     in    the    animal 
body,  529,  630 
Naphthol-glycuronic  acid,  529,  530 
Xarcotics,  relation  to  glyci^n  forma- 

Uon,  214 
Xative  proteids,  29 
Navel  cord,  mucin  of,  46,  343 
Neossin,  47 
Nerves,  390,  397 
Neuridin,  392,  395,  410 
Neurin,  93 

in  suprarenal  capsule,  205 
in  protagon,  392 
Neurochitin,  397 
Xeurokeratin,  49,  390,  307 
Neutral  fats.     Bee  Fats. 
Nicotin,  action  on  quantity  of  CO    in 

the  stomach,  278 
Nitrates  in  the  urine,  517 
Nitric-oxide  heemoglobin,  140 
Nitrc^n,  free,  in  blood,  584 

,  ft-ee,  in  intestine,  316 
,  free,  in  stomach,  278 
,  free,  in  secretions,  591 
,  free,  in  transudations,  59S 
,  combined,    quantity   of,   Ib 
the      intestinal      encoa- 
tiona,  610,  611 
,  combined,    quantity   of,   in 

meat,  388,  613 
,  combined,    quantity    of,   in 

the  urine,  454 
,  estimation  of,  in  the  urine, 
461,  466 
elimination    in    work    and 

rest,  381—384,  647.  W8 
elimination    in    starvation, 

620—622 
elimination    with    different 

foods,  630—642 
elimination     by     intestinal 

evacuations,  610,  611 
elimination    by    the    urine. 

454,  513,  516,  610.  612 
elimination     by     the     epi- 
dermis, 611 


^^^^^^^^^^^^^^jSSS^^^^^^^^^^^^m^^^^t 

m      Kitrogtm   vUuiinatioii  by    Ui«   swokI, 

K  ucko-utbumiiw     in      imnsudutiouB,  ^^^^H 

K     .                          !)81,  (ill 

IWl,   IIMI.   IfH         ^^^H 

H                        «liniiiution,  reUtiotiabip  to 

behavior  to  pepun,         ^^H 

^^^^^^^m           tli«   eliiiiination  cjC   |)hoa- 

digpfttion.3l,27»,          ^^ 

^^^^^^^^K 

427                                          1 

^^^^^^        elimination,  r«latiomhip  to 

Nudco-bUton.  18.  OS.  101                                     1 

^^^H                   tliv    irliuinatton    of    liul- 

,  relation   to   ihe   coagii-                  1 

^^^^ft                  ]>hurtff  ndd,  615 

latinn   of    blood.    IfiH,                    ) 

^^^F               in  meat.  3N8 

l.>0 

Nitro){enoU't  I'ciiilUhriiim.  012 

Kud«o-prot«id>,  iH,  31,  43,  4S 

NiUugeauiLi   *<]uilibriutn    «ith   diRer- 

in     t  h  0     nuimtnary 

ent  foodB.  630—012 

{[lands,  -120 

KilroevDoiu  (li'lU-it.  till 

in    thi'    |i;iu(.TCii»,    48, 

Nitro-lwiiEaUlphyde.   behavinr    in    the 

2(1-2 

■  niniiil  Ixiily,  his 

in  protitpttiiMii.  01 

Ni trill- benzoic  iicii],  24,  528 

in    tb*    cell    nueleiw. 

Nitro-bi'n/..vl  hItoIioI,  .")2» 

00.  lot                                  ' 

Xitrocellulose.  "!) 

,  buhuviur     to     pepEin 

,  JJltro-liipiiurir  acid.  528 

digestion,    46.    101, 

Kitroso-indot  nitmtc,  315 

270 

Nitro-phenyl-propiolic     acid^     rcajrcnt 

Nutrition  requireiriFnts,  (133 

for  flugur,  711 

of    mun,    652 

NStro-phenyl-propiolio    »cid,    Iwliavior 

— eso 

in  tfav  budy,  404,  49:* 

NyUnder's  renRent.     See  AlmfD-BStt' 

Nitrn-tnlnol,    l)(>ha\ior   in   the   asiiiial 

ger's  sugar  tL*t. 

body.  521) 

ObermAyer'a  indican  t«t.  4fl5                                    1 

Kilru-tynwin  uitrat*.  305 

Nubwuln,  447,  'M 

niHTinlllli^r'H  cbultvttrriii   reaction,   290 

NDc'.eic  acid,  M.  91.  9C.  W,  tftt.  LOI) 

tkloriferous  bodies  in  the  urine.  530 

,  combination  with  bwmo 

(£d(iina.  subcutanvouH.  Huid  from,  100 

globin.  131 

Oc^rU'l'it  euro  for  corpulency.  068,  660 

,  combinntion    with    pro- 

Olci*?  acid.  Kl,  84 

tflniin.  40^ 

fllpiri.  81.  84 

Xucleln  bajteft,  B6.  103 

nUi^niiK,  173 

to  Bpprmn.  405,  100 

01i|j:wytliKniin,   173 

KiKleiie,  48.01,  »ii,  VI.  m 

OlifTUriu,  f>32 

.  rrtation     to     rortnation.     of 

Olive  oil.  (ib:«>rptl«n  of,  335 

uric  ttcid,  47S 

.  KclioD  on  the  secretion  of 

Nui'Vin  platwi,  161 

bile.  223 

Nucleo-albuiniiw.  18.  31 

Onupbin.  47 

LU  tlie  bile,  22Q 

Oooyanin.  410 

in    the    tirinr,    500, 

Oorodctii.  4L0 

537 

Opium,  pBsan^  of.  Into  milk.  4*3 

^^^L                         in  ihr  kiilncyn,  440 

OptogT»mi«.  '.Km 

^^^H                          in    protoplfl.4m,    31, 

Organic  acidn.  hohavtor  in  the  animal 

^^H 

iMHiy,  Titt&,  .'•IK,   323 

^^^H                          in  the  synovial  fluid, 

Organised  proteids.  033.  634 

^^H 

Organs    of  genentioo.  403—410 

692 
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Organa,  loss  of  weight  in  starvatioii, 

623 
Ornithin,  2!,  624,  627 
Orthonitro-phenyl-propiolic  acid.     See 

Nitro-phenyl-propiolic  acid. 
Oflaxones,  62 

OsmoHis,  relation  to  absorption,  340 
Oeone,  62 
Osseio,  348,  3S2 
Osteomalacia,  362,  353 

,  lactic  acid  in  the  urine 
in,  372 
Osteoporoais.    See  Oateoscleroeis. 
Osteosclerosis,  362 
Otoliths,  402 
Ovalbumin,  18,  414 

,  behavior    in    the    animal 
body,  121,  416 
Ovarial  cysts,  406 — 410 
Ovaries,  406 
OvglobuUn,  414 
Ovomucoid,  415—418 
Ovovitellin,  18,  410 
Oxalate  of  lime.    See  Calcium  oxalate. 
Oxalate  calculi,  570 
Oxalates,  action  on  blood  coagulation, 

112 
Oxalic  acid  in  the  blood,  176 

in  the  urine,  481,  482 
.behavior    in    the    animal 
body,  481,  523 
Oxalic-acid  diathesis,  482 
Oxaluria,  482 
Oxaluric  acid,  472,  481 
Oxamid,  20 

Oxidations,   1—9,   134,   221,  234,   314, 
454,  456,  474,  489,  494,  499,  623,  625, 
626,  520,  685 
Oxidation  ferment,  8 
Oxyacids,   formation    in  putrefaction, 
314 
,   passage  of,  into  the  urine, 

314,  497 
,   passage  of,  into  the  sweat, 
581 
Oxybenzols,  626 

Oxybenzoic  acid,  behavior  in  tlie  ani- 
mal body,  527,  528 


Oxybutyric  add  in  the  blood,  590 

,  passage  of,  into  the 
urine.  518,   5tiu 
Oxygen  absorption  in  work  and  rest, 
378,   384 
in  starvation,  622, 

624 
by  the  skis,  582 
Oxygen,  activity  of,  4,  7,  134,  586 

in   the  blood,  584,   585.  591, 

696,  697,  699 
in  the  intestine,  316 
in  the  lymph,  182,  590 
in  the  stomach,  278 
in   the   swimming-bladder  of 

fishes,  603 
in  secretions,  690 — 592 
in  transudations.  592 
,  combination  of,  in  the  bloody 

132,  133,  585,  G93,  597 
,  tension  of,  in  the  blood,  593 

—697 
,  tension  of,  in  the  expire  air, 

594,  596 
,  action  of  CO    on  the  fenMon 

of,  600,  6o!,  602 
,  lack    of,    action    on    proteid 

destruction.  372,  453 
,  lack   of,   action    on    elimina- 
tion of  lactic  acid,  372.  505 
,  lack   of,   action    on    elimina- 
tion of  sugar,  372,  505 
,  specific  quantity,  597 
Oxygen  carriers,  8,  134 
Oxygen    consumption    in    the    blood, 

136,  685 
Oxyhfematin,  141 
Oxyhromocyanin,  148 
Oxyheemoglobin,  132 

,  dissociation   of,   132, 

593 
,  properties  and  reac- 
tions. 133.  134 
,  quantity   of,   in   th:- 
blood'      130.     131, 
169—174 
,  quantity   of.   in  the 
muscles,  366 


^^^^^^^^^^^^wm^    ^^^Bj^^^^^^l 

Oa^fSgg/^ta,  pUMp!  of,  iato  the 

Paratactlc  add.  371.  372                          ^^^M 

_                    -    ■                urJiw,  638 

in  blood,  126.  168         ^^^| 

H                                 ,  bchavioT    with    gut' 

,  ralaliiin  to  l-bc  forma-         ^^^ 

^^^K                               trie  juio?,  272 

tion    of    uric    acid,         ^^^ 

^^^P                      ,  behavior  with  trjp- 

^H 

^^^                                sin,  306 

,  propcrttea  and  occur-         ^^M 

f      Oxyhj-dro-pAracuninric  acid,  4B7 

^^H 

(txynaplithjiljn.  52S 

,  formntion    from    gly>          ^^M 

OxyuilroHlliutuin,  2A 

coKf^n,  ST.*)— 377                   ^| 

Oxy phenyl -an-Uo  KniA.  305,  3t4,  497 

in  OMtvoiiuLlacia,  352             ^^M 

Ox  >' phenyl- a  mi  do- prop  ionic  aoid.     See 

,  production  of,  in          ^H 

TyroBin, 

Diusclca  during  ac-          ^^M 

Oxyphcnyl-propinnir  acid.  2£,  314,  497 

tivily.  380.  sat                   ^M 

Oxyproti>-iiulph',>Dii,'  arid.  'J4 

,  p  T  <^  (1 11  0 1  i  1)  II  of,  in          ^^M 

Ozouc.  3,  585 

riRor     mortis.    379.          ^^| 

Ozone  exciter.  134.  &iS 

370                                      ^M 

Ononc  Iranxmitter,  134 

in  dpllcieni^y  of  oxy-         ^^| 

gen,  37a.  3SU.  505       ^^^H 

Palmitic  acid,  M 

aniniAla    with    «x-  ^^^^^ 

Palmitioarid  plher.  87 

lirpaU'd  liv»rii,  372,    ^^^^H 

Palmtlin.  83 

snA                                ^H 

PamTMd,  2&I.  2!)2 

,  paaaagv   of,    Into    th*          ^^| 

.  relation  lo  glycolyala,  I2S, 

urhw,  475.  SOS           ^^^H 

SM 

Paralbumin.  407,  400                            ^^^H 

extirpation,   action   on    nb- 

ParHniidoplicnol.   u20                               .j^^^^H 

^^K                   wrption,  331,  332,  334 

Paramuoiii,  40D                                        J^^^^^J 

^^^V               extirpation, action  on  vlimi- 

Pannnynninu^rKii,  3(t2,  304                         ^^^^1 

^^^B                  nation  of  trngar,  221,  202 

Paranudein.  31.  07                                           ^H 

^^K          ,  cha^  of.  ao3 

Parnnui-ltToii,  .IflO                                               ^H 

^^^B           ,  chanfc     fiuring     eeoretion, 

Parapeptonc,  271                                                ^H 

"                          W2.  308 

Para-flxyphenyl-awtic  ftdd,  305,  314,          ^H 

PaTHTww  pnitHid.  48 

^H 

Panorwis  rpiinin,  307 

Para-iixyii1ienyl>prnpionifi      acid,      22,           ^^H 

PiUcthUc  jui«e,  2fi4 

^M 

,  secretion,    29.V    SM. 

Panxanthin,   10-2.   184                                      ^H 

SOB.  30D 

in  tho  urine,  484                       ^^H 

,  anxyinNt  of,    12,  207 

Parietal  or  d<-Joniorphic  cells,  261,  273,          ^H 

—302 

275                                                                   ^H 

,  action  on  foodn,  20* 

Pamlid.  251                                                        ^M 

—302,      307.     311 

Parotid  saliva.  2M                                            ^H 

312,  331,  332.  337, 

Parovarial  ayeta,  410                                         ^H 

3?8 

Pena,  alinoriitWn  of,  in  th«  intHtlns,          ^H 

Paracasein.  427 

334                                                                           ^H 

Paralfonif  acid.  103.  472 

P)'n)|>lii[[ii«  I'KrriiiU-iio.  100                                    ^^M 

PamcTptMil,   formation    in   proteid   pu- 

Pcnichllum  tilniH-uui,  1303                                  ^^M 

trofnrtion.  ,114 

Pcntacrinin.  57^                                                 ^^M 

Paraftlolitilin.     f^f  Scrf^Iobults. 

PfntainuLliyleDdiamin.       Sue     CadftT-           ^H 

ParaiiK-inofilobin,  134 

erio.                                                            ^H 
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Pentosanee,  65 
Pentoses,  65,  77 

,  relation  to  glyc<^n  forma- 
tion, 213 
in  the  urine,  65 
in  the  pancreas,  65,  565 
Pentosuria,  556 
Pepsin,  264,  265—267 
,  properties,  266 
,  detection   in  the  gastric  con- 
tents, 283 
,  quantit«tive     estimation     of, 

268 
,  occurrence  in  the  urine,  339, 

608 
,  occurrence  in  the  muscles,  366 
,  action  on  proteid,  267 
,  action  on  other   bodies,  271, 
272 
Pepein  digestion,  267,  269—272,  279 

,  products  of,  33,  34, 
41,  270,  271,  272 
Pepsin  glands,  261 
Pepsin-hydrochloric  acid,  272 
Pepsinogen,  261,  275 
Pepsin  test,  268 
Peptochondrin,  346 
Peptones,  33—42 

in  putrefaction,  21,  314 
in  pepsin  digestion,  33 — 41, 

271 
in    trypsin   digestion,   33 — 
41,  302 
,  assimilation  of,  327—330 
,  relation  to  amylolyais,  258 
,  preparation  of,  40 
,  nutritive  value  of,  330,  636 
,  absorption  of,  327—330 
,  passage  into  the  urine,  327, 
636 
Peptone-plasma,  111,  156,  160 

,  carbon-dioxide      ten- 
sion, 602 
Peptonuria,  534 
Pericardial  fluid,  189,  191 
Perilymph,  402 
Period  of  incubation,  418 
Peritoneal  fluid,  189,  193 


Perspiratio  insensibilis,  609 
Pettenkofer's  test  for  bile-adds,  226 

respiration       apparatus, 
604 
Phaco^mase,  401 
Phaseomannlt,  369 
Phenaceturic  acid,  468,  627 
Phenols,  elimination  by  the  urine,  489 
—493,  529 
in  starvation,  317 
,  estimation  in  the  urine,  490 

—492 
,  action  on  the  urine.  493,  530 
,  electrolysis  of,  6,  625 
,  formation  in  putrefaction,  22, 

314,  489,  490,  529 
,  behavior  in  the  animal  body, 
314,  489 
Phenol-glycuronic  acid,  491,  529 
Phenol-sulphuric   acid   in    the    urinp, 
489   —  492,. 
529 
in   the   sweat, 
681 
Phenyl-acetic  acid,   formation   in  pu- 
trefaction,     22, 
314 
,  behavior     in     the 
body,    488.   526, 
527 
Phenyl-amido-acetic  acid,  behavior  in 

the  body,  627 
Phenyl- amido- propionic  acid,  23 
Phenyl- am ido- propionic  add,  behavior 

in  the  body,  526,  527 
Phenyl-glucosazone,  62,  70 
Phenyl-hydrazine  test,  70 

in    the    urine. 
507,  547 
Phenyt-lactosazone,  429 
Phenyl-propionic    add,    formation    in 

putrefaction,  22,  23,  314,  486 
Phenyl -propionic  acid,  behavior  in  the 

body,  486,  527 
Philothion,  8 
Phlebin,   130 
Phlorhidzin,  219 
Phlorhidzin  diabetee,  210 


Phloro^iucin  as  rMf^nl,  2S5 
I'htMiJhntmrntc  acid,  SfW 
rbosphates  in  the  urinr.Al^ — 516,531, 
£00 — 5CS.      ScK    alsu     Uip     vuriuuo 
phoiph&tea. 
Ptio*pllEt«  «fllfuli,  517.  &I8 
Phuaphatc  dJabvtM.  5U 
l*hn«pho-glyro-pr<itfiil,  47 
Phoephom  acid,   eliniinulion   by    Ihe 
urinir,  512 — 515 
,  forniatioD    in    tnus- 
riilftr  oFtivit^.SKI 
,  phTsioiogical  impor' 
Uw«,  109 
Phofiphamed     rom'btnationB     in     Lhe 

nrinr,  508 
Pihoephonis  poisoning,  ot-tion  nn  rliin- 
intitionofiim- 
mnnin,  4AH 
,  ncUi'n  «n  elim- 
iiiaUun        o  I 
urea.    4fill 
,  action  an  ellm- 
inRtion       o  f 
ln(-ti«      Kcid, 
MW 
,  fall)'  degen^-ni- 
tion     MTiMd 
hy.  3S6 
,  ebange   in    ttic 
iinne.       46(4, 
505,  5fl2 
"FhitBOtia,  3M 
PhtUle  Buid,  bi'buvluT   in   the  hoiy, 

am 

l'hymAtaTu*'ni,  fi7B,  577 

in  t))«  urine,  Mt 
Phywtoclic  ncld.  87 
Phytovitellin.  42 
a-Picolin,    hehavinr     in     tlir    animftt 

body.  S30 
Mcric  ftcid,  rni^ri^t  (or  proh-td,  27,5:36 
,  rpan^nt  for  crwilinin,  -1(19 
.  renKiitt  (or  sui^r,  70,  409 
Pigincutfl  of  the  eye.  397—400 

kol  th«  blood,  L-W— 149 
of  the  hlood-Mcnim,  IS5.  412 
of  the  corpora  lut«a,  406 
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Pi^ii«nts  of  <-|;f;-flh4>Ilfl.  410 

of  (ho  (at-oclls.  :i54 

ol   bil«,  £24,  333—239,  241, 

243 
of  the  nrtni*,  490— AIH 
ol  tbi-  «kin.  57(1—678 
of  th«  lubntifr.  417,  578 
of  thr   niibu-lr*.  'Mr,,  .ttld 
of  louor  nciiuiAlH,  57S 
of  bird'ffiithvrs.  'j77.  578 
of  medicinn]   drugs  in    the 
urine,  A34),  544 
Piff'«  millc.  434 
Pike,  fle*li  of,  388 

.  ^tomuch  of.  207 
I'iloi-arpin.  arllnn  on  weretion  of  In- 
iMtinnl  jnice.  S89 
,  action  tJti  CO_^  elimination 

ill   ()ip  xliinjHi'h.   '2~H 
,  action  nn  nei-rction  of  jian- 

cr«>utii.-  jiiif-c.  21*6 
,  ac-tion  on  the  Hweat,  Atl 
,  action  on  the  mtivii.  259 
,  action  on  the  elimination 
of  uric  acid,  47S 
PjpcraEln.  solvent  for  uric  acid.  477 
PM|«re,  220 

Piria'.i  tyroain  tMt,  304 
I'JACcnU,  419 
Flanta,     chemical     procHAM^     in     the 

■ama,  1,  2 
PIiLsnia.    S^  LHood-pinBiiia. 
Plaamoscbldia.  150 
PinFlin.  f>0.  Oct.  101 
I'lnltnrr's  crT-stnllifwl  MV.  225 
I'lf-tliora  p'tlvcythipmiji,   Mlt 
Pleural  iluid.  180.  102 
Plexus  dsliacua,  rirlatiun  to  acctuou- 
ria.  M7 
,  relation      to     rogar 
lornitttion,  203 
Pltintti,  Snfliirncr  on  t!ic  dtioiination  of 

hi]i|iurii-  acid,  -ISil 
Polkilocytoni*.  174 
Polsrifitrabonieter,   29 
I'olycythn'mia.  173,   178 
Polyaacoharidca,  76 
Polyperythrin,  67a 
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Polfuria,  614,  622 
Pork-fat,  absorption  of,  336 
Portal-vein  blood,  169,  217,  328 
Potassium    combinations,    elimination 

in  fevers,  S17 
Potassium    combinations,    elimination 

in  starvation,  617,  623 
Potassium    combinations,    elimination 

by  the  urine,  617,  623 
Potassium    combinations,    elimination 

by  the  saliva,  260 
Potassium    combinations,    division    in 
the      form     elements     and     fluids, 
109 
Potassium    chlorate,    poisoning    with, 

136,  177 
Potoasium  phosphate   in  yolk   of  the 
egg,  413 
in  muscles,  376 
in  cells,  100 
Potassium  sulphocyanide  in  the  urine, 

507 
Potassium    sulphocyanide   in    the   sa- 
liva, 263,  254 
Potatoes,  eonsumation  of,  in   the  in- 
testine, 334 
Preglobulin.  01,  102,  157 
Preputial  secretion,  570 
Prisoners,  food-ration  for,  657 
Propepsin,  275 
Propyl  benzol,  behavior  in  the  body, 

626 
Propylen  glycol,  relation  to  glycogen 

formation,  214 
Prostatic  calculi,  406 
Prostatic  secretion,  403 
Prostetic  group,  48 
Protagon,  95,  190,  391,  392,  397 
Protamin,  405 
Protcid,  separation  from  fluids,  29 

,  approximate     estimation     in 

the  urine,  536 
,  circulating     and     organized, 

633 
,  action    on    glycogen    forma- 
tion, 214,  216,  216 
,  living  and  dead,  4 
,  detection  of,  26,  27 


Proteid,  detection    of,    in    the   urine, 
531—637 
,  quantitative     estimmtion    of, 

28 
,  quantitative     estiontion    of, 

in  the  urine,  636 — 638 
,  quantitative     estimatioa    of, 

in  milk,  430—432 
,  absorption  of,  326 — 332 
,  passi^    of,    into    the   urine, 

372,  631 
,  heat  of  combustion   of,  617, 

618 
,  digestibility  in  gastric  juice, 

269,280—282 
,  digestibility      in     pancreatic 
juice.  301,  302 
Proteid  bodies,  in  general,  17 — ^29 
,  poisonous,  15,  42 
,  summary    of    the   va- 
rious,  17,  2&--43 
,  vegetable,  42 
See   also   the    varioui 
proteid     bodies     of 
the       tissues      and 
fluids. 
Proteid  fattening,  633 
Proteid  of  the  hen's  egg,  413 
Proteid  metabolism  in  work  and  rei>t, 
381—385,      647. 
648 
in  starvation,  620 

—621 
at    various    ^m 

647 
with       different 
food,     629—643 
Proteid  putrefaction,  13,  14,  22,  314— 

320,  486,  489—196 
Protein  substances,   17 — 58.     See  also 

Individual  protein  bodies. 
Protein  chromogen,  22,  302 
Proteoses,  33,  36.    See  also  Albumoee*. 
Prothrombin,  116,  167,  169.  160 
Protic  acid,  366 
Protocatechuic  acid,  behavior  in  the 

body,  493 
Protogelatooe,  66 


mi>Ex. 
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ProtoplaAin,  89 
PseudohsemoglobiD,  130,  136 
Fgeudomuoin,  47,  408 

in  ascitic  fluidB,  193 
in  the  gall- bladder,  240 
Pseudonuoleins,  31,  97 

from  casein,  427,  436 
from  vitdlin,  411 
Fseudoxanthin,  369 
Psittacofulvin,  678 
Ftoinainea,  13,  14,  22 

in  the  urine,  509,  663 
Ftyalin,  265 

,  behavior    with    hydrochloric 

acid,  257,  277,  309 
,  action  on  starch,  265 — 2C9 
Pulmotartaric  acid,  OOS 
Purple,  578 
Purple  cruorin,  136 
Pus,  95,  197—200 
,  blue,  200 
in  urine,  641 
PuB-cella,  198 
Pus-serum,   197 
Putrescin,  14 

in  intestine,  563 
in  the  urine,  509,  663 
Pyin,  192,  198,  200 
Pyinic  acid,  200 
Pyloric  glands,  261,  273 
Pyloric  secretion,  276 
Pyocyanin,  200 

in  sweat,  681 
Pyogenin,  199,  393 
Pyoiin,  199,  393 
Pyoxantbose,  200 

I^idin,  bebavior  in  the  body,  630 
«-Pyridipic  acid,  580 
T-Pyrid in-carbonic  acid,  530 
Pyrocatechin,  493 

,  occurrence  in  urine,  493 
,  occurrence      in     supr»- 

renal  capsule,  205 
,  occurrence  in  transuda- 
tiona,  IBl,  195 
Pyrocatechin-sulphuric  acid,  489,  492 
Pyromticic  acid,  624 
Pyromucin-omithuric  acid,  624 


Pyromucuric  acid,  524 

Quadriurates,  478,  666 

Quereit,   relation   to   glycogen   forma* 

tioii,  214 
Quinic  acid,  behavior  in  animal  bod7, 

486 
Quinin,  passage  of,  into  urine,  630 
,  passage  of,  into  sweat,  681 
,  action  of,  on  the  elimination 

of  uric  acid,  473 
,  action  of,  on  the  spleen,  209 
Quotient,  respiratory,  384,  699 

Rachitis,  bones  in,  352,  363 
Bafflnoee,  76 

Rape-seed  oil,  feeding  with,  366 
Reduction  processes,   ),   2,  6,   7,  234, 

316,  368,  486,  500,  524 
Reducing  substances,  formation  in  pu- 
trefaction and  fermentation,  6,  316 
Reducing    substances,    occurrence    in 

the  blood,  5.  123 
Reducing    substances,    occurreaoe    in 

the  intestine,  316,  600,  601 
Reducing    substances,    occurrence    in 

the  urine,  606 
Reducing    substances,    occurrence    in 

transudations,  191,  195 
Rennin,  13,  264,  272,  276,  426 

,  detection  of,  in  stomach  txm- 

tents,  284 
,  detection  of,  in  pancreas,  307 
,  transition  into  the  urine,  608 
Rennin-cells,  261 
Rennin -glands,  261 
Rennin  zym<^en,  261,  273,  276 
Reserve  cellulose,  71,  80 
Resin  adds,  transition  into  the  urine, 

630,  633 
Respiration,  external,  583.  593^  6M— 
603 
,  internal,  583.  603 
with    increased    aii-^tm- 

sure.  598 
with  diminished  air-prw- 
■ure,  068 
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Respiration.     See  ftlso  Exchange  of  Oas 
under     various     condi- 
tions, 
in  the  hen's  egg,  418 
of  plants,  2 

Bee    Chapter     XVlf,    on 
the   Chemistry   of   res- 
piration   and    on    Ex- 
change of  g&B. 
Respiratory  quotient,  384,  699 
Rest,   metabolism   during,  377,   378— 

386 
ReticuHn,  18,  66,  342 
Retina,  308 
Reversion,  73 
Rhamnose,  69,  66,  68 

,  relation  to   glycogen   for- 
mation, 213 
RhodiEonic  acid,  370 
Rhodophan,  399 
Rhodopain,  398 
Rhubarb,   action   on   the   urine,    630, 

544 
Rib-cartilage,  347 
Ribose,  66 

Kigor  mortis  of  the  muscles,  376,  388 
Ring  fteces,  321 
Roberts'  method  for  estimating  sugar, 

663 
Rodents,  bile-acida  of,  227,  241 
Rods  of  the  retina,  pigments  of,  398 
Rosenbach'B  urine  test,  466 
Rovida's   hjraline   substance,   91,    129, 

150,  199,  403 
Rye  bread,  consumation  in  the  intes- 
tine, 331,  334 

Saccharic  acid,  61,  506 

,  relation    to    glycogen 
formation,  214 
Saccharin,  relation  to  glycogen  forma- 
tion, 214 
Saccharogen  in  the  mammary  glands, 

443 
Salicylic  acid,  action  on  pepsin  diges- 
tion, 270 
,  action   on   metaboUant, 
643 


Salicylic   acid,  action   on   trypsin   di- 
gestion, 301 
,  behavior  in  the  aninut 
body,  628 
Saliva,  261—261 

,  secretion  of,  269,  260 

,  mixed,  254 

,  physiological     importance     of, 

260 
,  behavior  in  the  stonuch,  200, 

278,  309 
,  various  kinds  of,  262,  253,  254 
,  action  of,  257,  268 
,  composition  of,  269 
Salivary  calculi,  261 
Salivary  diastase.     S,ee  Ptyalin. 
Salivary  glands,  251 
Salmon,  flesh  of,  38? 

,  Bperma  of,  406,  406 
Saltpetre,  action  on  metabolism,  643 
Salts,  absorption  of,  339.     See  also  tha 

various  salts. 
Salt-plasma,  112 
Salts  of  v^etable  acids,  behavior  in 

the  organism,  446 
Samandarin,  679 

Santonin,  action  on  the  urine,  530,  644 
Saponiflcation  of  neutral  fats,  82,  86, 

298,  310,  338 
Sarcolactic  acid.    See  Paralactic  acid. 
Sarcotemma,  360 
Sarcosin,  366 

,  behavior      in      the     animal 
body,  523 
Sarkin.     See  Hypoxanthin. 
Schreiner's  base,  404 
Schweitzer's  reagent,  79 
Sclerotica,  402 
Scyllit,  201 
Sebacic  acid,  86 
Sebum,  578 

Sedimentum  lateritium,  447.  478,  WH 
Sediments.     See  Urinary  sediments. 
Semen,  403 
Semiglutin,  65 
Semi  nose.     See  Mannose. 
Senna,  action  on  the  urine,  630,  644 
Seralbumin,  18,  120 


^^^H^^HH 

^^^^H^mHj^^^^^j^^^^^^n^^^^Bv^^^^i 

Seralbumin,  detoctioii    id    (lie    urine, 

Skin,  excTPtion  throuRJi  the,  578,  579           ^^M 

^                              635 

—582.  600—013                                    ^H 

^R                       ,  quBntilatlve     pstlmatloBt 

i^li^ep.  meUibolitiiii  In,  050                                  ^^^| 

^^^L                             530 

Smegnm  prsputii,  679                                       ^^^| 

^^^PP               ,  behavior    Ui    (Ite    auiniHl 

Signil  inudii,  45                                                        ^^^| 

B^                           body,  121.  415 

Snake  poiM^n,  15                                                 ^^H 

■    Sorglobulia,  18.  M9 

8oop8  in  blood-verum,  123                                ^^H 

^1                      ,  Impurtauce    iu    Ibfi    tio- 

in  cbyli>,  183,  33S                                    ^^M 

^M                           ajnilatinn  of  the  blood. 

in  pUA,  199                                               ^^H 

H 

in  fa-cm,  321,  3S&,  338                            ^H 

^^^^H                 ,  detecliriii     in     tlie     urim-. 

in  bile,  22S,  238                                           ^H 

^^^1 

imp<>rtiim-e    in    the    eniulftiflca-             ^^H 

^^^^H               ,  quoDtitativc     estliuatloii, 

(ion  of  ibe  foU.  209.  311,  338            ^H 

^^9                     120,  636 

Sodium  niciihdUtP  ilk  h  Mipcjnitimtioii            ^^H 

Vseridn,  18.  &7 

^^M 

^1     S*>rinnn,  :i7 

Sodium  birHrbonnte.  ni'tion  on  the  w-            ^^^H 

■     Serin,  S7 

oretlon  of  panereatic  juice.  295                      ^^^H 

"     Serous  lluid*.  I«!l— 107 

Sodium   cIiloHdc.  vlinuuKlioD    by    the           ^^H 

Serum.    See  Blood-Hpruin. 

127,     S09,          ^^M 

Sfirum  (^sffin.     See  Serglobulin. 

511)                                      ^^M 

Sliarka.  bile  of.  225.  238 

elimination    by    th«           ^^H 

,  urea  in  bile  of,  4£2 

Bweat,  681                            ^^^| 

Shwp-niilk,  4.-U 

,  phyHinlnglnAl   intpor*             ^^^| 

Shell- m em bmne  of  the    hen's  e^,  49, 

tiuu-e,  027.  028                   ^^M 

416 

,  quanlitalive     eati-           ^^^| 

Mlidc  acid  in  featheni,  fi73 

maUon.     R1C>— 512            ^^M 

in  urine.  510 

,  influence      on      th«           ^^H 

in  Ibe  heu'a  egg,  413,  418, 

quitntity  of  urine,           ^^H 

418 

^H 

6Uk  KctatiD.  57 

,  influence      on      the           ^^H 

Sinkaltn,  03 

eUmliiutioii        0  f          ^^H 

Sinistrin,  animul,  48 

urea,  043                              ^^M 

■    ekatol,  22,  311.  ai5 

,  influence      on      ths           ^^H 

^^               ,  formation  in  putrffaction,  2S, 

se^rr'^tion    of    guB-           ^^^| 

H                       314.  489,  490 

tri<-  juifc,  274                  ^^^| 

^B                ,  behavior  in  tbe  anima]  body, 

,  inHuenra      on      the          ^^H 

314.  489.  4&0,  S29 

se<TetJoii    of   pan-          ^^H 

Skatol-acRtli;  ucid.  23 

oreatit^  juice,  2!I5           ^^H 

Skatol-amido  aoetic  acid,  23 

,  infliirni'r  on  n-bHiirp-             ^^^| 

K      Skatol-ritrbnnic  nrid,  4(16 
f      Skatol-pigmpnt,  496 

340                              ^^M 

,  bebiivlor    with    toiA          ^^H 

^katoxy],  315,  406 

rich  in  potash. 628           ^^^| 

.          Skatoxyl-glyeuronic  add,  496.  S2d 

,  innufTtclenl      RUppiy           ^^H 

H    Skatoxyl-sulphurie  acid,  tHH,  49R 

274                      ^H 

^B                                                in  iw-cat,  681 

,  action  on  poptin  di-           ^^H 

H     Skeletina,  fifl 

geetion,  270                    ^^H 

^1     !^k<>lel<nn  at  various  a^es.  350 

,  action     on     trypfia          ^^H 

■     Skin,  573-^82 

digestion,  301                   ^^^| 
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Sodium  combinationB,  elimination  by 

the  urine,  517 
Sodium  combinations,  diviaion  among 

the  fonn  elements  and  fluids,  lOB 
Sodium    combinations.    See    also    the 

various  tissues  and  fluids. 
Sodium  fluoride,  antiseptic  action  of, 

11 
Sodium  idodide,  absorption  of,  339 
Sodium  phosphate  in  the  urine,  448, 
613 
,  action  on  metabo- 
lism, 043 
Sodium  salicylate,  action  on  secretion 

of  bUe,  224 
Sodium  sulphate,  absorption  of,  340 
,  action     on     proteid 
metabolism,  643 
SoMiers.  diet  of,  esS,  657 
Source  of  muscular  energy,  384,  386 
Sparing  theory,  215 
Specific  rotation,  04 
Spectrophotometry,  147,  148 
Sperma,  403 
Spermaceti,  86 
Spermaceti  oil,  86 
Spennatin,  406 
Spermatocele  fluids,  194 
Spermatozoa,  404,  406 
Sperm  in,  404 
Spermin  crystals,  404 
Sputum,  605,  600 

Spider  excremeDt,  guanin  therein,  105 
Spider  poison,  15 
Spiogler'a  reagent,  533 
Spirograph  in,  47 
Spirogyra,  109 
Spleen,  200—203 

,  relation    to    blood    formation. 

202 
,  relation    to    uric-acid    forma- 

tion.  202,  475,  476 
,  relation  to  digestion,  202 
.  blood  of,  170 
,  pulp  of.  475 
Splitting  processes,  in  general,  1,  2,  9. 
See  also  the   various  enzymes  and 
ferments. 


Spongin,  18,  S7 

Spongioplasm,  90 

Staphylococcus,  behavior  with  gastric 

juice,  282 
Starch,  75 

,  hydrolytic  cleavage  by   intes- 
tinal juice,  290 
,  hydrolytic    cleavage    by-  pan- 
creatic juioe,  297 
,  hydrolytic  cleavage  by  aalivn, 

266,  257 
,  caloric  value  of,  617 
,  absorption  of,  332,  334 
,  behavior  in  the  stomach,  276 
SUrch  cellulose,  76 
Starch  granulose,  76 
Starvation,  action  on  blood,  172,  177 
,  action   on   bile    secretion, 

223 
,  action  on  urine,  318.  453, 

467,  473,  486,  4M,  617 
,  action  on  elimination  of 

indican,  317 
,  action    on     secretion    of 

pancreatic  juice,  295 
,  action   on   elimination   of 

phenol,  317 
,  action      on      metabolism, 

615,  016—019 
,  quantity    of    nitrogen    in 

excrements  in,  611 
,  death  from,  619 
Starvation  cures,  658,  059 
Steapsin,  298 
Stearic  acid,  83 
Stearin,  83 

,  absorption  of,  336 
Stercobilin,  234,  322 
Stethal,  86 

Stomach,  importance  in  digestion,  281, 
282 
,  self-digestion  of,  282,  283 
,  digestion  in,  276 — 283 
Stomachic  glands,  261 
Streptococcus,    behavior    with    gastrie 

juice,  282 
Stromafibrin,  129 
Stroma  of  the  blood-corpusolM,  129 


stroma  of  the  muscle,  36S 

StrnmH  c^-nticw,  BW 

Strychnin,  psMafce  of,  into  the  atln«, 

630 

Suhlin^ftt  gland,  2^1 
6iil)linguKl  nnlivit,  253 
SulimaxUlary  gluni),  2fil 
SiibnuLxillur}-  mm-in,  45 
Submaxillary  eaUvn,  232 
Succinic  KL'id  in  int<«Unc,  313 
in  the  (fpleon,  SOI 
in    tninniidfitinnfi,     1^1, 

195 
in  the  thyroid  flland,  204 
pam«f{e     of,     into     the 

urinr,  508 
pama^    of,    inlo    per- 
ii|nraticin.  561 
Sugar,  iil3>irirpti(m  of,  332 — 334.  340 

J  8jrn(h>w-xi>f  TAric'tinidf  stigitr*, 

61,  02.  06 
,  relation  lu  tiiuKuUr  activity, 
37!),  330.  384 
Stc  b1«o  the  various  varietie* 
of  tiufpira. 
Sugar  formation  with  Inok  of  nxygc-n, 
3T2 
In     the    liver,    217, 

SIH.  2413.  204 
afl«r  extirjiatinn  of 
the   pancreu,   221, 
Sfi3,  2M 
Eugnr  tertn  In  the  urine,  044—549 
Sutphocyikntdes  in  the  urine.  507 
Riilphonnl  intAxi(.-atinti.  uriHe  in,  640 
Bulphur   in    proteM    bndipa,    ID 
in  the  UTim>.  507.  508 
.  eliniLiuition  of.  during  work^ 

383.  503 
,  neutrnl     and     ncld,    m    the 

urine.  5ns 
,  behiiviiir    in     thr    or^'anisni, 
.Wa.  509 
Sulphur   [nrthii.'itiii(>l<>1iiii,   139 
Sulphuretted    hydrogen    in    putrefao 

Uon  in  the  intrattne,  314,  318 
Sulphuretted   hydrogen  in   the  urfae, 
SOU 


Sulphuric  idd,  sthmval  and  aulphate 
in    the    urine,    489, 
400,  610 
,  elimination  of.  during 

work,  383 
,  eliininatian  of.  by   the 

uritti-,  44H,  515 
,  elimination  of,  by  the 

sweat.  &S0,  fiSI 
,  estimation  of.  ftl6 
,  relation     to     elimina- 
tion     of      nitraf[siit 
fil5.  012 
Suprarenal  capsule,  205 

,  bile-addB  therein, 
213 
Sweat.  57&— 681 

,  excretion  of,  67B 
,  action  on  the  urine,  448.  431, 
521 
iSwiTnRil»)c-btadd<n'  of  fl«be*,  gH*e*  of, 
I      fi03 
[Swimming  bladder    of    (Uhes,    gunnin 

of.  105 
Sytiipftthetic  wiliTa,  252 
Synovial  fluid,  IM 
Synovin,  lft6 
SynthescB,  I,  2.  il 

of  ethereal  sulpburic  aciJt, 
314,    480,    4»3,    494.    490, 
520. 
of    ronju^^iied     f;ly(nironio 
adds,  401.  490.  500,  524. 
520 
of  uric  acid.  471,  472.  475 
nf  iirrs,  1.^2,  4,10 
of  hippiiric  aeid.  3.  4!«0 
of  varicti^of  MUtmr«.  03. 00 
in  the  Iiver.20fl.  215,4fl«.475 
Syntonln.  32.  365 

.  caloric  value  of^  618 

Talonic  nciil.  72 
Talone,  00.  72 
Tni»-»«nti  ey»t,  106 
Tartar,  261 

Tartaric    acid,    relation    to    RiycoRen 
formation,  214 
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Tartaric    acid,    passage    of,    into    the 

sweat,  581 
Tatalbumin,  413 
Taurin,  231 

,  behavior  in  the  animal  body, 
523,  524 
Tauro-carbamic  acid,  523 
Taurocholic  acid,  227 

,  quantity    in    differ- 
ent biles,  240,  241 
,  occurrence    in     me- 
conium, 323 
,  decomposition        i  n 
the  intestine,  317 
Tea,  action  on  metabolism,  644 
Tears,  402 
Teeth,  353 

Teichmann's  crystals,  142,  639 
Tendon  mucin,  45,  342 
Tendon  synovia,  196 
Tension  of  the  CO    in  the  blood,  600 — 
'      603 
in  the  tissues,  603 
in  the  lymph,  182 
O  in   the   blood,   593 
—599 
Terpen- gly cur onic  acid,  S29 
Turpentine,  action  on  the  secretion  of 
bile,  224 
,  action  on  the  urine,  529, 

530 
,  behavior    in    the    animal 
body,  529 
Tetanin,  14 

Tetronerythrin,  148,  578 
Testis,  403 
TewRkose,  428 

Thallin,  action  on  the  urine,  530 
Theobromin,   102 
Theophyllin,  102 
Thiolactic  acid,  50 
Thiophen,  524 
Thiophenic  acid,  524 
Thiophen  uric  acid,  524 
Thrombin,  116.  157,  159,  160 
Thrombosin,  118,  159 
Thymin,  100 
Thyminic  acid,  100 


Thymus,  203 

Thyreoidea,  204 

Thyroid  gland,  204 

Thyreoproteine,  204 

Tissue-flbrinogen,  91,  102,  161 

Toluhydrochinon,  498 

Toluol,  behavior  in  the  animal  body, 

486,  526 
Toluric  acid,  628 

Toluylendiamin,  poisoning  with,  247 
Toluylic  acid,  628 
Tonus,  chemical,  of  the  muscle,  377 
Tooth  tissue,  353,  625 
Tortoise,  bones  of,  349 
Tortoise-shell,  49 
Toxalbumins,  16,  42 
Toxins,  14,  206 

Transfusion  of  blood,  173,  178 
Transudations,  180,  188—197,  692 
Transudation  into  the  intestine,  324 
Trehalose,  75 
Tribromacetic  acid,  24 
Tribrom-amido-benzoic  acid,  24 
Tricalcium  casein,  425 
Trichlor-acetic    acid     as    reagent,   27, 

213 
Trichlor-butyl  alcohol,  behavior  in  the 

animal  body,  524 
Trichlor-butyl -gly cur onic  acid,  624 
Trichlor-ethyl-glycurontc     acid.       See 

Urochloralic  acid. 
Trinitro-albumin,  24 
Triolein,  84 
Tripalmitin,  83 

Triple  phosphate  in  urinary  sediments, 
566,  568 
in     urinary     calculi, 
569,  670 
Tristearin,  83 
Trommer'e  test  for  sugar,  69,  546 

test    for    sugar,    behavior 

with  glycuronic  acid,  507 

test     for    sugar,     behaWor 

with  uric  acid.  478 
test    for    sugar,     behavior 
with  creatinitt,  469 
Trypsin,  296,  299 

,  action  on  proteids,  801 
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TVypdn.  action  on  oVket  bodies,  SOT 
^rTjwin  iligestiua,  SI,  ;<(i] 

,  action    of    racious 
cvnditiuniOQ,  301 
,  products  of,  30if 
Trjrp»in  rymngon,  aW.  308 
Trytoplmn.  22,  302 
Tuhprclp  viriiH,  Ixihuviur  with  gaalric 

juice.  282 
Tu1>erculin.  -13 
l^jbo-ovarial  cjratx,  400 
'hmioln.  574 
TuTHcin.  677 
Tumcoverdin,  578 
Typliotoxin,  14 
Tyrosin,  ZfH 

in  the  urine,  56£ 
in  !4«^Ut»ont8.  502,  563 
,    drUcliiiit  at,  3(>d,  r>tlH 
,  ori((in  of.  21.  22.  Wl.  314 
,  bclmvior      hi      pulrefactioD, 

314.  487.  480.  40S 
,   bdiavlor      in  *  the     unimal 
body,  526.  52T 
T)rn>«in-Hul|iliuri<.'  AtAA,  305 

Uneniu,  blood  in.  170 
,  bile  in.  241 
,  go^trK  contPtita  in,  283 
,  aweut  ill,  BHl 
Uramido-acidB,  523 
Urumidu-twnKtiic  ■cidn,  528 
Urates,  47S 

in  aediiricnts,  447,  &04,  M5 
Urea.  462 

«li  mi  TIN  I  ion   in   work   and   reat, 

3M2.  3*1.  3B5 
vliiTiSnalion   lu   iturvation.  432, 

021 
elimination  in  children,  464,  647 
rliinitiutirin     in     iliwa(»,     453. 

4A8.  517.  CI8 
elimination  afti^r  ctilTen-ntroodB. 
452.    B30.    631,   «32.   037.    flSH, 
642.  (M4 
,  proj^esB  of  eliminatirm  after  a 

m«il.  635 
,  iiropeiiiea  and  reactiona,  459 


Urea,  fortnation  and  origin.  4C1 — 169 
,  qMnntitnlirp    «>i(iin»tii:in,    4(11 — 

487 
,  clcavagu  Ivy  fernienta.  459,  565 
,  sj^thMis  o(,  452.  454 — 4fi(i 
,  oci'iirr«nc«   in    blood,    ll!4,    170, 

171 
,  oii'um-npi-  in  biUf,  238.  241 
,  occurrence    in    vitreous   humor, 

400 
,  ori'urrDnce    in    Iha    livpr,    45S, 

457,  45H 
,  oci'urreniM-  in  iiiu«o[m,  360 
Urea  nitrate.  40U 
Urea  oxalate.  400 
UreomfitHF.  EabachX  4*W 
Urcthun.     Sw    C^rbumlo-ftcld    eUkfl- 

pAter,  407 
Uric  acid,  471 

,  relation  to  uraa,  471,  476 
,  properties     and     reaction*, 

477—470 
,  forinatinn  in  the  organtam, 
474—477 
from  animnnia,  474 
,  relation      to     IcuoooTloals. 

475 
,  rclatioTi  to  the  aploen,  202, 

476.  47B 
,  qunntilative        CAtitnation, 
470— 481 
aynthpiaiH  of,  471 
,  behavior  in  the  body,  474. 

483 
,  occurrence,  472 
,  oceumtncii    in    llic*    sw^at, 

581 
,  oecurreni^Q     in     sedinMots, 
447.  564.  56S 
Uric-anid  calculi,  5C9 
UriMii-idn'mia.  176 
rrinmy  nik-iilr.  508— 672 
rrinnrr  pi)ii"*nit)i.  4IHI— .'UVi,  540,  641 

.  medicinal,  544 
Urinary  tuuid.  548 
Urinary  aftdiTnentt,  447.  5(16—568 
Urine,  445—572 

,  excretion  of,  610 — 622 
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tTrine,  eoi»tituenta,  uiotganic,  600 — 
519 
,  constituents,  poisonous,  609 
,  constituents,     organic,    patho- 
logical, 531—604 
,  constituentB,  phTSidogioal,  462 

—509 
,  constituents,  casual,  622 — 630 
,  txAot  of,  447,  499,  600,  522,  630, 

53S,  641—544 
,  solids,     calculation     of     their 

quantity,  521 
,  solids,  percentage  of  same,  622 
,  alkaline      fermentation,      469, 

605,  565 
,  acid  fermentation,  564 
,  gases  of,  619 
,  quantity  of,  519—522 
,  physical    properties    of,    445— 

462 
,  reaotion  of,  447—461,  469,  460 
,  dc^ee  of  acidity,  448 
,  -  detennlnation     of     d^ree     of 

acidity,  449 
,  specific  gravity,  461,  452,  621, 

622 
,  specific  gravity,  determination 

of  same,  461 
,  passage  of  foreign  bodies  into, 

622—530 
,  composition  of,  622 
Urine  indican,  403 
Urine  isdigo,  493,  406 
Urine  poison,  509 

Urine  stones.     See  Urinary  calculi. 
Urine  sugar.     See  Dextrose. 
Urinometer,  451 
UrobUin,  499,  500—504 

,  relationship      to      bilirubin, 

234,  245,  600 
,  relationship     to     choletelin, 

601 
,  relationship  to  heematin,  246 
,  relationship    to    hiematopor- 

phyrin,  601 
,  relationship    to    hydrobUiru- 
bin,  234,  323,  500 
Urobilin  icterus,  502 


Urobilinogen,  490,  600 

UrobUinoidin,  601 

Urocanic  acid,  600 

Urochloralic  acid,  606,  524 

Uroehrom,  604 

Urocyanin,  600 

Uroerythrin,  604,  641 

Urofnacohttmatin,  641 

Uroglaucin,  600 

Urobematin,  500 

Uroleucic  acid,  407,  490 

Uromelanins,  500 

Uronitro-toluolic  acid,  629 

Uropb«in,  500 

Urorubin,  500 

Uronibroheematin,  641 

Urorosein,  600,  641 

Urosteaiith,  671 

Urozanthin,  493 

Urohodin,  600 

Ureids,  20,  471,  472,  483 

Uterine  milk.  419 

UtiUiatioii  of  foods,  330,  332,  33S 

Valerianic  aad,  21,  364 
Varnishing  the  skin.  582 
Vegetable  gums,  77,  79 
Vegetable  mucilage,  77,  79 
Vegetable  myosin,  42 
Vegetable  proteids,  42 
Vegetarians,  food  of,  639,  654 

,  excrements  of,  321 
Venesection,  168,  176 
Vemix  caseosa,  678 
Vesicatory  blisters,  contents,  196 
Visual  purple,  398 
Visual  red,  398 
VitelUn,  18 

in  yolk  of  egg,  410 

in  protoplasm,  91 
Vitellolutein,  412 
Vitellorubin,  412 
Vitelloses,  36 
Vitreous  humor,  343,  400 

Water  drinking,  action  on  the  elimi- 
nation  of  chlo- 
lides,  610 
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Water  drinking,  action  on  the  elimi- 
nation     of      uric 
acid,  473 
,  action  on  the  elimi- 
nation     of     urea, 
642 
,  action  on  the  deposi- 
tion of  fat,  642 
,  action  on  the  secre- 
tion of  urine,  620, 
621 
Water  elimination  by  the  urin?,  520 
—522,  609,  610 
elimination  by  the  skin,  579, 

610 
elimination  in  atarvation,  623 
,  importance     for     the     animal 

bod;,  626 
,  quantity    of,    in    the    various 

organs,  B23 
,  lack  of,  in  the  food,  623 
,  absorption  of,  339 
Wax,  87 

in  plants,  579 
Wcyl's  reaction  for  creatinin,  469 
Wheat  bread,  absorption  of,  334 
Whey,  422 
Whey  proteid,  427 
WTiite  of  egg,  413 

,  calorific  value,  574 
Witch's  milk,  430 
Woman's  milk.     See  Human  milk. 
Wool-fat,  250,  579 

Work,  action  on  chlorine  elimination, 
510 
,  action  on  elimination  of  phos- 
phoric acid.  613 
,  action   on   elimination   of  sul- 
phuric acid,  383,  508 
,  action   on   the   need   for   food, 
650,  667 


Work,  action  on  metabolism,  377,  383 

—385 
Xantbin,  104 

in  the  urine,  484 
in  urinary  sediments,  668 
,  quantity  in  the  liver,  208 
,  quantity    in    the    pancrejs, 

292 
,  detection    and    quantitative 
estimation,  108,  109 
Xanthtn  bases,  in  general,  102 

,  relationship    to    uric- 
acid  formation,  203, 
475 
,  behavior  to   muscular 

activity,  382 
,  occurrence       in       the 

blood,  103 
,  occurrence       in       the 
urine,  484 
Xanthin  calculi,  671 
Xantho-creatinin.  369,  381,  470 
Xanthophan,  399 
Xanthoproteic  acid,  24 
Xanthoproteic  acid,  reaction,  27 
Xylol,  behavior   in  the  animal   body, 

527 
Xyloses,  65,  66 

,  relation   to   glycogen    forma- 
tion,  213 

Yeast-cells,  proteids  in,  48 
Yolk  of  the  hen's  egg,  410 

Zinc  in  the  bile,  238 
in  the  liver,  210 
,  passage  of,  into  milk,  443 
Zoofulvin,  578 
Zoonerythrin,  578 
Zoom  bin,  578 

Zymogens.    See  the  various  enzymes. 
Zymoplastic  substances,  157,  162 
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t/>iiAov'»(HfAailBg  Tot  IjtdU*.     (Downing.) 13rao,  1  50 

^Dard'a  IjRiiclitc&pc  Gardening .,',', 12ino,  1  SO 

raTrcnlise  on  llic  Discnsca  of  lUo  Dog... Svo,  8  50 

"     TrMtlKon  t)ic  LHKDSMof  llieOx flvo,  9  00 

SloCkbriilRC'i  Rocks  ftnd  SoIU 8vo.  BW 

WoU'i  Handbook  forPHrmcnmrxl  DKirymoti. ,....,.,.  ..ISmo,  1  90 

ARCHITECTURE. 
QctuiiNO — Oaupkhthv— 8ta  1118— Vkhtii-atior— Law,  Etc. 

Berg'fl  BiiiUlluRsauil  Slructurea  of  Ainericun  Riillrunds 4lo,  7  SO 

Blrkiufre's  AuR-Hcan  Tbculrc^— PluuuUigauil  CoiwmmU9ii.8ro,,  8  09 

Architectural  Iron  ftud  Steel.... ^,,..^..iv<k  8.^ 

I  "  ,     Compouud  RiTCltd  Girdert .t.,-t......6TO,  3  DO 

*'    >  Skslfiou  CoDclroctkni  Id  £(ulldiug«,t^^«.j4n,,«^^|^o,  8  00 
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Bii^tnlra'a  Plaimlag  and  Coastraction'of  Higb  Offlce  BuUdlogs. 

iSTO, 

Carpenter's  Heating  and  Ventilating  of  Bulldiogs 8to, 

Freitng's  Ai'chitecturnl  Engtneeriog 8vo, 

Gerhard's  Sanitary  House  Inspection 16mo, 

Theatre  Fires  and  Panics 12ino, 

Halfleld's  American  House  Carpeater 6to, 

Holly's  Carpenter  and  Joiner 16mo, 

Kidder's  Architect  and  Builder's  Pocket-book. . .  16aio,  morocco, 

Herrill's  Stones  for  Building  and  Decoration 8vo, 

MoncktoD's  Stair  Building — Wood,  Iron,  and  Stone 4to, 

Walt's  Engineering  aad  Architectural  Jurisprudence 8to, 

Sheep, 
Worcester's  Small  Hoapitala — Establishment  and  Maintenance, 
iDcluding  Atkinson's  Suggestions   for  Hoq)itaI  Archi- 
tecture  13mo, 

World's  Columbian  Exposltioa  of  1898 Large  4to, 

ARMY,  NAVY,  Etc. 

MiLiTABT  Enoiwekbino— ObdsascS— Law,  Etc. 

Bourne's  Screw  Propellers 4to, 

Bruflfs  Ordnance  and  GuBoery 8vo, 

Chase's  Screw  Propellers 8ro, 

Cooke's  Naval  Ordnance 8vo, 

CroDkhite's  Gunnery  for  Kon-com.  Officers 8Smo,  morocco, 

Darla's  Treatise  on  Military  Law 8vo, 

Sheep, 

"      Elements  of  Law 8to, 

De  Brack's  Cavalry  Outpost  Dudes.     (Carr.). . .  .8Smo,  morocco, 

DIetz's  Soldier's  First  Aid 16mo,  morocco, 

*  Dredge's  Modern  French  Artillery Lagre  4to,  half  morocco, 

Record  of  the  Trausportatlon  EzhlblU   Building, 
World's  Columbian  Exposition  of  I898..4to,  half  morocco, 

Durand's  Resistance  and  Propulsion  of  Ships 8to, 

Dyer's  Light  Artillery ISmo, 

HofTs  Naval  Tactics 8to, 

Ingalls's  Ballistic  Tables Sto, 

Handbook  of  Problems  in  Direct  Plre Bvo, 
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9  00 

3  60 

1  SO 
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1  00 

Midiau'8  Adraoced  Guard IStno, 

"        PeraiaDeiilForlllicalioiii.  (Mercur.}.8T0,  lialf  morocco, 

Mercur's  Attack  of  Fortified  Places 12ino, 

Elvmeots  of  Ibe  Art  of  War 8to, 

Metcalfe's  Ordnance  aiid  Quunery 12uio,  wllli  Atlas, 

Murray's  A  Muuual  for  Courts-Martial lOuui,  moruccu, 

"        lufuDtry  Drill  Rcgulatioos  adapted  to  tliu  SpringlJeld 

Kifle.  CBlIber  .45 8'3iiio,  paiicr, 

Plielps's  Practical  Marine  Surveying 8vo, 

Powell's  Army  Officer's  Examiner l'3mo, 

Sliarpe's  Subsistiug  Armies 83mo,  morocco, 

Very's  Navies  of  tlic  World 8vo,  half  morocco, 

Wbeeler's  Siege  Operations 8to, 

Wlntlirop's  Abridgment  of  Military  Law ISmo, 

WoodbuH'a  Xotes  on  Military  Hygiene ICmo, 

Young's  Simple  Elements  of  Navigation. .16mo,  morocco  (taps, 

"  first  edItioD 

ASSAYING. 

Smelting — Obb  DiiEsaiiiQ— Allots,  Etc. 

Fletcher's  Quant.  Assaying  with  the  Blowpipe. .16mo,  morocco,  1  50 

Furman's  Practical  Assaying Svo,  8  00 

Kunhardt's  Ore  Dreaalog 6vo,  1  SO 

O'Driscoll's  Treatment  of  Gold  Ores 8vo,  3  00 

Rickettfl  and  Miller's  Notes  oa  Assaying 8vo,  8  00 

Thurston's  Alloys,  Brasses,  and  Bronzes 8vo,  3  50 

Wilson's  Cyanide  Processes 12mo,  1  SO 

"       The  ChlorinatioD  Process ISmo,  1  50 

ASTRONOMY. 

Practical,  Theoretical,  ajtd  Descriftivb. 

Cralg'a  Azimuth  4to,  8  SO 

Doollttle'B  Practical  Astronomy 8vo,  4  00 

Gore's  Elements  of  Geodesy 8vo,  2  90 

Hayford'B  Text-book  of  Geodetic  Astronomy 8to.  8  00 

Micbie  and  Harlow's  Practical  Astronomy 8vo,  8  00 

White's  Theoretical  and  Descriptive  Astronomy ISmo,  3  00 
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BOTANY. 

Oardbning  pub  Ladibb,  Etc. 

Baldwin's  Orcliids  of  New  Eoglftad Small  8to,  $1  W 

LoudoD'a  GardeaiDg  for  Iiadles.    (Downlog.) 12mo,  1  SO 

Thome's  Structural  BoUoy 16mo,  8  S8 

Westeruuiier'g  Oeoerat  Botaoy.    (Scltneider.) 8to,  3  00 

BRIDQES.  ROOP5.  Btc. 

Caktiikver— DBA  w— Highway— ScsPKKMoir. 

(See  alio  Ekqikeeiiuio,  p.  7.) 

Boiler's  HlgliwAy  Bridges 8to,      8  00 

*     "      The  Tbames  Itiver  Bridge 4to,  paper,      S  00 

Burr's  Slresses  in  Bridges 8to,      8  80 

Grebore's  Hecbaiilcs  of  tbe  Qlrder 8to,      5  00 

Dredge's  Tliames  Bridges , 7  parts,  per  psrt.       1  SS 

Du  Bois'a  Stresses  in  Framed  Structures Small  4to,     10  00 

Foster's  Wooden  Trestle  Bridges  4to,      6  00 

Greene's  Arcliea  In  Wood,  etc 8vo,      2  50 

Bridge  Trusses 8to,      8  50 

Roof  Trusses .8vo,       1  25 

Howe's  Treatise  ou  Arcbes Sro,      4  00 

Johnson's  Modem  Framed  Siructurea Smnll  4to,    10  00 

Merriman    &    Jacoby's    Text-book    nf    Roofs    aud    Bridges. 

Part  I.,  Stresses 8vo,      2  50 

s  /riman    &    Jacoby's     Text-book    of    Roofs    and     Bridges. 

Pint  II..  Grapbic  Statics 8to,      3  60 

Merriman    &    Jacoby's     Text-book    of    Roofs    aud     Bridges. 

Part  III..  Bi-idge  Desigu Svo,       8  50 

Herrinian    &   Jacoby's    Text-book    of    Roofs    and    Bridges. 
Part  IV.,  Coutinuous,  Draw,  Cantilever,  Suspension,  and 

Arclied  Bridges 8vo, 

"Morison's  Tbe  Mempbis  Bridge Oblong  4to, 

Waddell'slron  Highway  Bridges 8vo, 

De  Pontibus  (a  Pocket-book  for  Bridge  Engineers). 

Ifimo,  morocco. 

Wood's  CoDstruclioD  of  Bridges  aud  Roofs 8to, 

Wright's  Dedgnlng  of  Draw  Spana.     Parts  I.  and  II..6to,  each 
"  "         "     "  "         Complete 8to, 
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CHEMISTRY. 

QUAtlTATIVa — QUARTITATIVK— OrgAHIC — INORGANIC,  EtC. 

Adriauce's  Lnboralory  Cnlculations 12mo,     (1  25 

Alleo's  Tablea  for  Iron  Analysis 8to,  -  8  00 

Ausleu's  Notes  for  Cfatmtctil  Students 12mo,  1  50 

Bolton's  Student's  Guide  {u  Quuntimtive  Analysis 8to,  1  60 

Clnssen'sAnalysisby  Electrolysis,  (HerrlckHDdBollwood.).Bvo,  S  00 

Cmfts'sQualitutiTe  Anntysis.     (Scbseffer.) ISmo,  1  50 

Drecbsel'B  Cbemical  BeaclioDS.   (Merrill.) 13mo,  1  26 

Freseuiua'B  Quantitative  Cbeinlcal  Analyds.   (Allen,) 8to,  6  00 

"         Qualltuttve         "             "           (Johnson.) 8vo,  8  00 

(Wells.)         Trans. 

16th  German  Edition 8vo,  5  00 

Fuertes's  Watcmnd  Public  Healtb 12nio,  1  60 

OIU's  Gas  nod  Fuel  Analysis 12mo,  I  25 

Hammarsten's  Physiological  Chemistry.   (Maudel.) 8vo,  4  00 

Helm's  Principles  of  Mathematicnl  Cbeinistry,   (Morgan).  12mo,  1  50 

Kolbe'a  Inorganic  Cbemislry ISmo,  1  50 

Ladd's  Quautitalive  Chemical  Analysis 12mo,  1  00 

I^ndauer's  Spectrum  An:i)ysis.     (Tingle.) 8vo,  3  00 

Ii6b's  Electrolysis  and  Electrosynthesis  of  Organic  Compounds. 

(Lorenz.) - 12mo,  1  00 

Mandel's  Bio-chemical  Laboratory 12mo,  1  50 

Masou's  Water-supply 8vo,  5  00 

"      Exiimiuatiun  of  Water.     {In  Hiepreta.) 

Miller's  Chemical  Physics 8to,  2  00 

Hixter's  Elementary  Text-book  of  Chemistry ISmo,  1  60 

Morgan's  The  Theory  of  Solutions  and  its  Results 12mo.  1  00 

Nichols's  Water-supply  (Chemical  and  Sanitary) Svo,  2  50 

O'Brlne's  Laboratory  Guide  to  Chemical  Analysis Svo,  2  00 

Perkins's  Qualitative  Analysis 12mo,  t  00 

Pinner's  Organic  Chemistry.     (Austen.) 12mo.  1  50 

Poole's  Calorific  Power  of  Fuels >,,..  Svo,  8  00 

Ricketts  and   Russell's   Notes  on   Inorganic  Chemistry  (Non- 
metallic)  Oblong  Svo.  morocco,  75 

Ruddiman's  Incompatibilities  in  Prescriptions Svo,  2  00 

Hchfmpf'a  Volumetric  Auiilysis l2mo,  2  50 

Spencer's  Sugar  Manufacturer's  Handbook.  16mo,  morocco  flaps,  3  00 


SpeDcer'B  Handbook   for   CboDilstB   t^  Beet    Sugar    Houses. 

lOmo,  morocco,  $8  00 

Stockbridge's  Rocks  and  Soils 8vo,  2  BO 

Van  Deventer's  Pbyslcal  Chemistry  for  Begtcaera.    (Boltwood.) 

12mo. 

Wfllla'e  Inorganic  Qualitative  Analyala 12mo,  1  50 

"      Laboratory  Ouide  In  Qualilative  Cliemical  ADalysia. 

8to,  1  CO 

Whipple's  Microscopy  of  Drlaklcg-water 8vo, 

WicclimaDD's  Cbemfcsl  Lecture  Notes ISmo,  8  00 

Sugar  Analysis Small  Svo,  2  60 

Wulling's  Inorganic  Pbar.  and  Med.  Chemislry 12mo.  2  00 

DRAWINQ. 

Elbmektart— Geometrical— Mechanical— TopOQUAPincAL. 

Hill's  Shades  and  Shadows  and  Perapcclive 6to,  2  00 

MacCord'B  D^ci-iplive  Oeotnetry Bto,  3  00 

' '          Kinematics 8vo,  5  00 

' '          Mechanical  Draining 8vo,  4  00 

Mahnn's  Industrial  Drawing.    (Thompson.) 2  vols.,  6to,  3  50 

Heed's  Topographical  Drawing.     (H.  A.) 4to,  5  00 

Reid's  A  Course  in  Mechanical  Drawing 8to.  2  00 

"      Mecbnuical  Diawiiig  and  Elenicntnry  Machine  Design. 
8to.    (In  Oie  preu.) 

Smith's  Topograph fcnl  Drawing.     (Miicmiiltin.) 8vo,  2  50 

WDtreii's  Descriptive  Geometry 2  vols.,  8vo,  3  50 

"        Drafting  Instruments 12mo,  1  35 

Fre«-]mnd  Dniwing 12mo,  1  00 

"        Linear  Porspective 12mo,  1  00 

"        Macbiue  Cnustruciion 2  vols,,  8vo,  T  50 

Pliine  Problems 12mo.  1  25 

"        Piiniftiy  Geometry 12nio,  75 

"        Problems  and  Tiieorems 8to,  2  50 

"        Projection  Drawing 12mo,  1  50 

Shades  and  Slmdows 8vo,  3  00 

Slereotomy— Stoue-cutting 8vo,  2  50 

Whtlpley's  Letter  fiograving 12nio,  2  00 


ELECTRICrrV  AND  MAGNETISM. 

Iiafw  IS  ATioN— B  ATTRiiiEe— Pii  rmcs. 

AptiioDj-nad  Brsckeu^TcU-buok  of  Pbjrik*.    (Magic.).. 8to, 

A.iiUioDx'a  Theory  ot  Electrical  Heuureineiiu tSmo, 

Barkei-'H  L'^p  wu  Souuillugs 6ro. 

Bonjatnio'e  Voltaic  Celt Bro. 

History  of  Electridly 8to 

Cmmlc  Law  of  Tlii-nnn.!  Ri-pulfion ISdio, 

Ciiilioni  Aud  Stiuit-r's  Exjicriiovuttt  wjlh  &  Hevr  Polariziag  Photo- 

Clirouogntpb 8to, 

*Urciige'B  Elcvlric  Ilhkmiualioni. . .  .3  tw\».,  4lo,  lialE  morocco. 

Vol,  U 410, 

Ollbeil'a  De  nmgcielc.    (Mollelay.) 8to, 

Uolmau's  PrecUlou  of  MeiuiurE'iueut'i 8*0. 

"         Teletcope-mlrroi  scnle  Alelliod Lorga  8vo, 

)|lc]ii»'s  Wave  ftlotion  Relating  lo  Sound  uid  Light Bro, 

Morgnn'HTbs  Th«ory  of  8olulion«  aud  ila  Ikwutts. 13tno. 

Nlnmtrt's  Kloclriu  Itntterics.     (Fisbbnck.) 18in«, 

Pmtt  and  Aldeo's  Street- rail  way  nond-Iwtl* ^^^^.i^v..8to, 

It«Agan'j(  Stcnm  niiil  Electric  IjOcomotiTea 12nio. 

ThursloD'B  Slutiouaiy  SlrsDi  Hogiues  for  £I«ctric  Ligblfiii;  Pur- 

pows - liato. 

TtUmao'*  Heal Bto. 
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ENQINEERINQ. 

Civil— Mecbakical—Sabitary,  Etc. 

(Aw  alM    BaiDOEs,   p.   4;  IIvdicaduch.   p.  9;  AlATSntALS  or  £»• 

OlXKRHIva,  p,   10;  lilECHAKtCH  AKD  Maouinerv,  {>.  12:  Stkam 
EkoINBB  AXD   IlolLEKS.  p.  14.) 

Itnkai'a  M&>ounr  C'ODstrueiJtm. y4.'.ilii*it..%ro,  5  OO 

"        Siirr»,vini>  InBlrumPnU...!.. ti ..'. .IStno.  8  00 

Black's  L'.  S.  Ihibltc  Works Oblm)g'4to.  5  00 

Brooks's  8irc«t-rnUwaT  Looailon lAnio,  nioroc4^»,  I  BO 

B)mic'a  llipliwftv  Oon<Jtniclirtti Sro.  5  OO 

"       Iosi>ortion  of  MfilRi-liils  bim)  Workmanship Ittmo,  8  AO 

CarfH-nt«r'it  Kx|K-rlintiilal  KnglnpQrint,' 8?o,  0  00 
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Cburch's  MecliaDics  of  Engineeriugr— Scrildfl  and  Fluids.  ...Svo,  |6  00 

"        Xotes  and  Exnmples  lii  Mecbaaics 8vo,  3  00 

Crandall's  Eiirlhwork  Tobies 8to.  150 

"         The  Tmusitlou  Curve IDino,  morocco,  1  50 

*Di'e'lge'8  Peun.  Railroad  Construction,  etc. . .  Folio,  balfmor.,  30  00 

*  Drinker's  Tunnelling iu>,  balf  morocco,  25  00 

Elsaler's  Explosives — Nitroglycerine  and  Dynamite Sto,  4  00 

Polwell's  Sewerage 8to.  8  00 

Fowler's  Coffer-dam  Process  for  Pien ..8to.  3  M 

Gerhard's  Sanitary  House  Inspection 13mo,  1  00 

Godwin's  Railroad  Engineer's  Field-book 16nio,  morocco,  3  50 

Gore's  Elements  of  Geodesy 8ro,  2  50 

Howard's  Trauslllon  Curve  Field-book 12mo,  morocco  flap,  1  50 

Howes  Retaining  Walls  (New  Edition.) 12mo,  1  25 

Hudson's  Excavation  Tables.     Vol.11 8to,  1  00 

Huttun's  Mecbauicnl  Engineering  of  Power  Plants 8vo,  5  00 

Joliuson's  Materials  of  Construction lArge  8vo,  6  00 

Stadia  Reductkiu  Diagram.  .Sbcet,  23i  x  28}  inches,  50 

"         Tlieory  and  Practice  of  Surveying Small  8vo,  4  00 

Kent's  Mecbaalcal  Engineer's  Pocket-book 16mo,  morocco,  5  00 

Kiursted's  Sewage  Disposal 12mo,  1  35 

Mabau's  Civil  Engineering.     (Wood.) 8vo,  S  00 

^erriman  and  Brook's  Handbook  for  Surveyors. . .  .16mo,  mor.,  2  00 

Meirlinan's  Geodetic  Surveying 8vo,  2  00 

'•          Relaiiiing  Walls  and  Masonry  Dams 8vo,  2  00 

"         Sanitary  Engineering 8vo,  3  00 

Nagle's  Manual  for  Railroad  Engineers 16mo,  morocco,  3  00 

Fallon's  Civil  Eugiiieoriug 8vo,  7  50 

"       Foundations 8vo,  5  00 

Prntl  and  Alden's  Slrecl-railway  Road-beds , .  .8vo,  3  00 

Rockwell's  Roads  aud  Pavements  in  France I2mo,  I  33 

Ruffuer'3  Non-tidal  Rivers 8vo,  1  35 

Searles's  Field  Engiaeeriug 16mo,  morocco  flaps,  3  00 

Railroad  Spiral 16mo,  morocco  flaps.  1  50 

Slebei't  and  Biggin's  Modern  Stone  Catling  and  Masonry. ,  .8vo,  1  50 

Smart's  Engineering  Laboralorj-  Practice 12mo,  3  50 

Smith's  Wire  Manufacture  and  Uses Small  4lo.  8  00 

Spalding's  Roads  and  Favemeots .- 12mo,  3  00 
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Spalding's  Hydraulic  Cemeat ISino, 

Taylor's  Prisinolilut  Formulas  aud  Earlhwork 8vo, 

Thurston's  Materials  of  Conslruction 8to, 

*  Tmntwtne'K  Civil  EogiDeer's  Pocket-book.  ..lOmo.  uior,  llaps, 

•  "  Cross-eectlon Sheet, 

•  •*  EjcnvalionsandEmbaiikmcnts... 8to, 

*  "  Lnyiag;  Out  Curves ISmo,  morocco, 

Waddcll's  De  Poutibus  (A  Pockel-book  for  Bridge  Englueers). 

16mo,  morocco, 

Walt's  Kuglneeriug  and  Architectumi  Jarlsprudeuce. 8vo, 

Sbeep, 

"     Law  of  Field  Operation  Id  EngineeriDg,  etc 8to. 

Warrcu's  Stereotomy — Stone-cutting 8to, 

Wcbb'a  Engineering  Instruments 16mo,  morocco, 

Wegmann's  Construction  of  Masonry  Dnms 4to, 

Wellinglon's  Location  of  Railways 8to, 

Wheeler's  Civil  Engineering 8vo, 

Wolff's  Windmill  as  a  Prime  Mover 8vo, 


HYDRAULICS. 

WATEH-WnZELB — WINDMILLS — SERVICE  PiPE — DrAINAOB,  ETC 
(8m  alto  EMOtMEEKINQ,  p.  7.) 

Bazin's  Experiments  upon  the  Controctlou  of  the  Liquid  Velu. 

(Traulwlne.) 8vo,  2  00 

Bovcy's  Treatise  on  Hydraulics 8vo,  4  00 

Coffin's  Orapliical  Solution  of  Hydraulic  Problems 13mo,  3  50 

Ferrel'a  Treallae  on  the  Winds,  Cyclones,  and  Tornadoes. . .  Bvo,  4  00 

Fuerlcs's  WiUer  and  Public  Health I2mo.  1   50 

Qangnillet  &  Kullei'a  Flow  of  Water.     (Bering  &  Trautwiiic.) 

8vo,  4  00 

Hazeii'sFillration  of  Public  Water  Supply 8vo,  2  00 

Herschel's  115  Experiments 8vo,  2  00 

Kiorsted's  Sewage  Disposal 12mo.  1  2a 

Miiaon's  Water  Supply 8vo,  5  00 

Merrimau's  Treatise  on  Hydraulics 8vo,  4  00 

iNlcbuls's  Water  Supply  (Chemical  and  Sanitary) 8vo.  2  50 

HuSncr's  Improvement  for  Xon-tidal  Rivers 8vo,  1  36 

Wegmann's  Water  Supply  of  the  City  of  New  York 4to,  10  00 

WeiabucU's  Hydraulics.     (Du  Bois.) , 8vo,  5  00 

Wilson's  Irrigation  Engincfriug 8vo,  4  00 

"        Hydmulic  and  Placer  Miuing 12mo,  2  00 

Wolff's  Wiudmlll  as  a  Prime  Mover 8vo,  3  00 

Wood's  Theory  of  Turbines 8vo,  8  50 
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MANUFACTURES. 

BOILEBB— EXPLOBTVBB— IbOK— SOGAR — WaTOHEB  — WOOLLKSS,    ElC 

AUeD 'a  Tables  for  Iron  Analysis Sto,  $8  W 

Beaumont's  Woollen  and  Worsted  Manufacture 12mo,  1  50 

Bolland's  Encyclopffidia  of  Founding  Terms ISmo.  8  00 

Tlie  Iron  Founder lamo,  2  50 

"       Supplement 12mo.  2  50 

Bonrler's  Handbook  on  Oil  Painting 12mo,  2  00 

Eissler'e  Esploalves,  Nitroglycerine  and  Dynamite 8vo,  4  00 

Ford'B  Boiler  Makiiig  for  Boiler  Makers 18mo,  1  00 

Metcalfe's  Cost  of  Manufactures 8to,  S  00 

Metcalf's  Steel— A  Manual  for  Steel  Users. I2mo,  2  00 

'Keisfg's  Guide  to  Piece  Dyeing Sto,  2S  00 

Spencer's  Sugar  Manufacturer's  Handbook. . .  .16mo,  tnor.  flap,  3  00 
"     .  Haudbook    for    Chetnists    of    Beet    Sugar    Houses. 

I6mo,  moT.  flap,  8  00 

Thurston's  Manual  of  Steam  Boilers 8to,  6  00 

Walke's  Lectures  on  Explosives 6to,  4  00 

West's  American  Foundry  Practice I2mo,  2  60 

"      Moulder's  Text-book  12rao,  2  50 

Wiechmanu's  Sugar  Aualyaia Small  8to,  2  60 

Woodbury's  Fire  Protection  of  Mills 8to,  S  60 

MATERIALS  OF  ENOINEERING. 

Stbbkotk— Elasticitt— Rbsistance,  Etc. 
(See  al»o  Enoinebriso,  p.  7.) 

Baker's  Masonry  Construction 870, 

Beardslee  aud  Kent's  Strength  of  Wrought  Iron 8to, 

Bovey'a  Streugth  of  Materials 8yo, 

Burr's  Elasticity  and  Resistance  of  Materials 8to, 

By  rue's  Highway  Construction 8vo, 

Church's  Mechanics  of  Eugineering — Solids  and  Fluids, . .  ..8vo, 

Du  Buis's  Stresses  f u  Framed  Structures Small  4lo, 

Jolinsoii's  ^latcrials  of  Couslruction 8vo, 

Lanza's  Applied  Mechanics 8vo, 

^[arteiis's  Materials.     (Henning,) 8vo.     [In  the  prtu.) 

Jlerrill's  Sloiics  for  Building  and  Decoration 8to, 

Merrimiin'a  Mechanics  of  Materials , 8to. 

Snengtb  of  Materials 12iuo, 

Pal  toil '3  Treatise  on  Foundutious 8to, 

Rockwell's  Roads  and  Pavenienls  in  France Vimo, 

Spalding's  Roads  and  Pavements 13mo, 
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1  00 

5  00 
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TliuntODs  M&teri&Is  of  CoDatructlon 8to,  $6  00 

Materials  of  EoglaeeriDg S  toU.,  8to,  8  00 

Vol.  I.,  Non-melallic  8to,  8  00 

Vol.  n.,  Iron  and  Steel 6vo,  8  50 

Vol.  III.,  Alloys,  BrasBoa,  and  Bronzn 6to,  2  60 

Wood's  Resistance  of  Materials 8vo,  3  00 

MATHEMATICS. 

CAXXnTLITB—GBOlIBTBT— ThIOONOUBTRT,  Etc. 

Baker's  Elltpllc  Functlooa 8to,  1  SO 

Ballftid's  Pyramid  Problem 8to,  1  50 

Barnard's  Pyramid  Problem 8vo,  1  50 

Bass's  Differential  Calculus 12mo,  4  00 

Briggs's  Plane  Analytical  Geometry ISmo,  1  00 

Chapman's  Theory  of  Equations ISmo,  1  60 

Complou's  Logarithmic  Computations 12mo,  1  50 

Davis's  Introduclioo  to  the  Logic  of  Algebra 8to,  1  60 

Halsted's  Elements  of  Geometry 8ro,  1  76 

"       Synthetic  Geometry 8vo,  1  60 

Johnson's  Curve  Tracing .ISmo,  1  00 

"        Differential  Equations — Onllnary  and  Partial. 

Smnll  8vo,  S  50 

"        Integral  Calculus 12mo,  1  60 

"  "  "         Unabridged.    12mo.     {In  ths pren.) 

"        Least  Squares 12mo,  1  60 

Ludlow's  Lognrithmtc  and  OlherTables.     (Bass.) 8vo,  2  00 

Trigonometry  with  Tables.     (Bass.) dvo,  8  00 

Mahnii's  Descriptive  Geometry  (Stone  Cutting) 8to,  1  60 

Merriman  and  Woodward's  Higher  Mathematics 8vo,  6  00 

>Ierriman'B  Method  of  Least  Squares 8vo,  3  00 

Parker's  Quadrature  of  the  Circle 8vo,  2  60 

Rice  and  Johnson's  Differential  and  Integral  Calculus, 

2  vols,  ill  1, 12mo,  2  50 

"                Differential  Calculus Small  8vo,  8  00 

"  Abridgment  of  Differential  Calculus. 

Small  8vo.  1  60 

Totten'a  Metrology 8vo,  2  50 

Warren's  Descriptive  Geometry 2  vols.,  8vo,  8  60 

"        Drafting  Instrumcuts. 12mo,  1  25 

Free-bnnd  Drawing 12mo,  100 

"        Higher  Linear  Perspective 8vo,  3  50 

"        Linear  Perspective t2mo,  1  00 

"        Primary  Geometry ISmo,  75 

"        Plane  Problems 13mo,  1  25 
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Warren'*  Problems  ami  Tbeorems Swo,  $2  50 

"        Projcctiuu  Drawing Vtmo,  1  50 

Wood's  CoKirdiuatc  Geometry .' 8to,  S  00 

Trigonometry ISmo.  100 

Wootf's  DescitptlTe  Geometry BoyalSTo,  8  00 

MECHANICS- MACHINERY. 

Text-books  and  Practical  Workb. 
{See  alto  ENaiMBaiuMO,  p.  7.) 

Baldwin's  Steam  Hentlng  for  Buildings 13mo. 

Benjamio's  Wiiukles  aud  Recipes ISmo, 

Chordal's  Letters  to  Meckaulcs ]2mo, 

Church's  Meckauica  of  Engineering 8to. 

"       Notes  aud  Examples  ui  Mechsolcs 8to, 

Crehore's  Mechanics  of  the  Girder 8to, 

Cromwell's  Belts  and  Pulleys ISmo, 

"  Toothed  Gearing , 13mo, 

Compton's  First  Lessons  in  Metal  Working ISmo, 

Comptou  and  De  Groodt's  Speed  Lathe ISmo, 

Dana's  Eiemeulary  Mechitnics 12mo, 

Dingey's  Machinery  Pattern  Making ISmo, 

Dredge's     Trans.     ExMbita     Building,      World     Ezpositlon. 

4to,  half  morocco, 

Du  Bois's  Mechanics.     Vol.  I.,  Kiuematics 8to, 

Vol.  IL.  Sialics I 8vo. 

Vol.  IIL,  Kinetics 8vo. 

Fiizgenild's  Boston  Machinist 18mo, 

Flatlier's  Dyitnmometei's ISmo, 

"        Rope  Driving 12mo, 

Hall's  Car  Lubrication t3mo. 

Holly's  Saw  Filing 16mo, 

Johnson's  Theoretical   Mechanics.      An  Elementary  Treatiae. 
{In  thepreu.) 

Jones's  Machine  Design.     Part  L,  Efneraatica Sro,       1  50 

"  "  "  Part  IL,  Strength  and  Proporiion  of 

ilacbinc  Parts 8to, 

Lanza's  Applied  Mechanics 8?o,      7  50 

MacCord's  Kinematics 8to,      5  00 

Merriman's  Mechanics  of  Materials 8to,      4  00 

Metcalfe's  Cost  of  Manufactures 8to,       5  00 

Micble's  Analytical  Mechanics 8vo,      4  00 

Richards's  Compressed  Air 12mo,       1  50 

Robinson's  Principles  of  Mechanism 8to,       3  00 

Smith's  Press-working  of  Metals 8to,      S  00 

Thurston's  Friction  and  Lost  Work 8to,      8  00 
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4  00 
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1  00 
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75 

TLtiraioD'kTIie  Aulmul  &au  Mavbtutt  ..^.tm.rn^. ismo, 

Warriru's  Mscliinc-  Cuoslruclioii 3  vols.,  8vo. 

WBisbncli's  Flytlraiilice  anti  IIj<lrAiillc  Motors.    (Dii  Bois.)..STo, 
Meclinnk-K    of   Euglixii-ring.      Vol.    III.,    Part   I., 

Bee.  I.     (KIciu.) 8to, 

WBlab«t:l»'«   Mwhiinfo    of  EngtueeHng.     Vol,   III..    P*rt  I.. 

Svc.]I.     (Klcip.J. 8»u. 

iVTelsbacb'HSleam  Englaes.    (Du  Bok.) Bro, 

iVTood't  AuBlytii-ul  Mei.'liiiiilca 8fc^ 

EletneDiary  Mccbaoics ,,13ino, 

'  "  "  tSupplcinentuiul  Key Vimo. 


7  SO 
3  00 


«etalu;rov. 

Innn—QoLD— eiLVBR — ALLoTi>.  Etc. 

Allcn'flTublearor  Iron  AtulyiU.. 8vo,  3  00 

KfflcBion'ft  Oolil  and  M6tcuit..>.»  ..(.'.v444«^«rf,i,»i..Ldir|p!  tivu,  7  00 

"         Meuliiircy  of  bilver Lnrgc  f^vo.  7  50 

*  Eerl'*  Mrliillurg}- — Oo[i[irT  iiimI  Irou^ .  .  .,  .^^.^.d.......  ,8vo.  in  00 

•  ■'            ■*               Sl*'el.  Fuel.  etc...... 8to,  15  00 

K.u£ibtinlt'»  Ore  Divmlnf;  iu  KurojH' Svo,  1  50 

McU-nlf'i  SiccI— A  lluiiuul  for  titevl  I'Mrs. Itmo,  S  00 

ODHscolVa  Tr«um««l  of  OoUl  Orce e»o,  2  00 

Tliursloii's  Irou  and  Sl&ul 8ta,  8  60 

AUoya 8to,  J  50 

Wilson'B  CyauWe  Pr(>ce«e» IJmo,  1  90 


I,  MINERALOUY   AND  MINIMU. 

MlHK   AOClDKXT" — VKNTir.ATlOK^^H    DMKMUKtl,    KtC. 

Bitrringcr's  Mliiernlft  of  C'ouQincrcbkt  Value... .Oblobjf  morocco,  3  50 

Beard's  V«utiUUou  of  Jfintsi...,.  .,.^....., ISmo^  3  50 

Uoyd'H  Ittamurcoi  of  Snutb  W«.lern  Virginia. Sto,  8  00 

"      Mni>  ot  Soiilli  Wwrtcrii  Virglnlfi Pvckel-bnok  form,  3  00 

BiiibIi  nud  PviiQeld'fl  Dclprmiiiallvi;  Miuuralugy.   New  Ed.  8tu.  4  00 

Cbcsur'u  CnlAlogtic  of  .MiiuTaU 8td,  1  25 

,.,,,,-,  ft.  Faper,  50 

"       I>U;t1uiiiirj' (if  IbeNaiiieMof  M!iier»l«...f gro,  8  00 

Dikufi's  AmericAn  I>o<-»Hlte«  of  MlncrnlR 6to,  1  00 

-     '*      t>«scr!ptIvL- Mloerulogy.     (E.  S.).   ...8vo,  lialf  tnonwco,  IS  50 

"      Mluofulogy  anU  Pelrography    (JJJ.).. I^tno,  2  00 

\Mi  V     Mln«nilBaiid  How  toBtudy  Tbcin.    (E.  8.}. 12mo,  1  50 

■•     T«iUbook  nf  Ulnemlogy.    (F..  S.)... New  Edition.    8to.  4  00 
'Drinker'sTunudlbig,  Exiiloeiv«:8.0ompvuiJibi.  and  Rock  Drills. 

Ua,  JiKlf  morocco,  25  OO 
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Egleston's  Catalogue  of  Mloerals  and  Synonyms 8vt>, 

Eissler's  Explosives — Nitroglycerine  and  Dynamite 8to, 

Hussak's  Rock- forming  Micerala.     (Smltb.) Small  8to, 

Ihlseng's  Manual  of  Micing 8to, 

Kunbardt's  Ore  Dressing  in  Europe 8vo, 

O'DrfscoU's  Treatment  of  Gold  Ores 8to, 

*  Penfleld's  Record  of  Mineral  Testa Paper,  8vo, 

Rosenbuscb's    Microscopical    Physiograpby  of   Mlnemla    and 

Rocks.     (Iddiugs.) 8vo, 

Sanyer's  Accidents  la  Mines .Large  8vo, 

Stockbridge's  Rocks  aud  Soils Bvo, 

Walke'a  Lectures  on  Explosives 8vo, 

'Williams's  Lithology. 8vo, 

WilsoD's  Mine  Ventilation lOmo, 

"       Hydraulic  and  Placer  Miniiig ISmo, 

STEAM  AND  ELECTRICAL  ENQINES.  BOILERS.  Etc 

Statiohakt— Marinb— LocoKOTiYB— Gab  Ekoinsb,  Etc. 
(See  alto  ENaraBBBiNO,  p.  1.) 

Baldwin's  Steam  Heating  for  Buildings 13mo,  2  SO 

Clerk's  Gas  Engine Small  8to,  4  00 

Ford's  Boiler  Making  for  Boiler  Makers ISmo,  1  00 

Hemenway's  Indicator  Practice I2mo,  8  00 

-Hoadley's  Warm-blast  Furnace. 8vo,  1  SO 

Kneass's  Practice  and  Tbeory  of  the  Injector 8vo,  1  60 

MacCord's  Slide  Valve..... 8vo,  2  00 

Meyer's  Modem  Locomotive  Construction 4to,  10  00 

Peabodyand  Miller's  Steam-boilers 8vo,  4  00 

Peabody's  Tables  of  Saturated  Steam 8to,  X  00 

Thermodynamics  of  the  Steam  Engine 8vo,  6  00 

"         Valve  Gears  for  the  Steam  Engine 8vo,  8  60 

Pray's  Twenty  Years  with  the  Indicator Large  8vo,  8  SO 

Pupiu  and  Osterberg's  Thermodynamics ISmo,  I  23 

Reagan's  Steam  and  Electric  Locomotives ISmo,  8  00 

R&ntgen's  Thermodynamics.     {Du  Bois, ) 8vo,  6  00 

Sinclair's  Locomotive  Running 12mo,  8  00 

Snow's  Steam-boiler  Practice 8vo.     {In  tfupran.) 

Thurston's  Boiler  Explosions ISmo,  1  60 

"          Engine  and  Boiler  Trials 8to,  5  00 

"  Manual  of  the  Steam  Engine.     Part  I.,  Stnicture 

and  Tbeory , 8vo,  6  00 

"  Manual  of  the   Steam  Engine.     Part  IL,   Design, 

Construction,  and  Operation 8vov  6  00 

8  porta,  10  00 
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ThuratOB'B  Philosophy  of  the  Bteam  Kaglne ISmo,  •    7S 

"  Redectioa  on  the  Motive  Power  of  Heat.    (Carnot.) 

ISmo,  1  SO 

"          Stationaty  Steam  EngltHfi 13mo,  1  60 

"          Steam-boiler  ConstructioD  and  Operation 8to,  0  00 

flpangler*!  Valve  Gears 8vo,  9  60 

Weisbacb's  Steam  Engine.     (Du  Bois.) 8vo,  6  00 

Whltbam's  Constructive  Steam  Engineering 8to,  10  00 

"           Steam-engine  Design 8vo,  6  00 

Wilson's  Steam  Boilers.     (Fhither.) 12nio,  2  50 

Wood's  Thermodynamics,  Heat  Motors,  etc Sro,  4  00 

TABLES.  WEIQHTS,  AND  MEASURES. 

For  AcTDABisa,  Chemists,  Ehojkbbiui,  Meciluiics— Mbtsic 
Tables,  Etc. 

Adriance's  Laboratory  Calculations ISmo,  1  36 

Allen's  Tables  for  Iron  Analysts 8to,  8  00 

BIxby'B  Gnipblcsl  Computing  Tables Sheet,  36 

Compton's  Logarithms 13mo,  1  50 

Craodall's  Railway  and  Earlbwork  Tables Sro,  1  60 

Egleston'a  Weights  and  Measures 18mo,  75 

Fisher's  Table  of  Cubic  Yards Cardboard,  26 

Hudson's  Excavation  Tables.    Vol.  II 8vo,  1  00 

Johnson's  Stadia  and  Earthwork  Tables 8vo,  1  35 

Ludlow's  Logantbmlc  and  Other  Tables.    (Bass.) I3nio,  S  00 

Totteu's  Metrology 8vo,  3  60 

VENTILATION, 

Steak  Heating — House  Imspectioit — Mike  Vkhtilatioh, 

Baldwin's  Steam  Heating ISmo,  3  60 

Beard's  Ventilation  of  Mlues. 13mo,  3  60 

Carpenter's  Heating  and  Ventilating  of  Buildings 8vo,  8  00 

Gerhard's  Sanitary  House  Inspection Square  16mo,  I  00 

Mott'sTtae  Air  We  Breathe,  and  Ventilation 16mo,  1  00 

Reid's  Ventilation  of  American  Dwellings 13mo,  I  60 

Wilson's  Mine  Ventilation 16mo,  1  36 

MISCELLANEOUS  PUBLICATIONS. 

Alcott's  Gems,  Sentiment,  Language Gilt  edges,  6  00 

Bailey's  The  New  Tale  of  a  Tub 8vo,  75 

Ballard's  Solution  of  the  Pyramid  Problem 8vo,  1  50 

Barnard's  The  Metrological  System  of  the  Great  Pyramid.  .8vo,  1  50 

Davis's  ElemeoU  of  Law 8vo,  3  00 
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Emmon'B  Qeologlcal  Guide-book  of  tlie  Btxiky  MountaloB.  .8to, 

FerreVB  Treatlee  on  the  "Winds 8to, 

Haines's  Addresses  Delivered  before  the  Am.  Ry.  Assn .  ..ISmo. 
Mott's  Tbe  Fallacy  of  ibe  Present  Tbeory of  Sound. .Sq.  16mo, 

Perkins's  Cornell  Univerdty Oblong  4to, 

Ricketls's  History  of  Rensselaer  Polyteclinlc  Institute 8to, 

Rotlierbain's   The    New   Testament    Critically  Empbulzed. 

12mo, 
The  Empliasiied  New  Tett.    A  new  traoslstion. 

Large  8vo, 

Totteu'a  An  Important  Question  in  Metrology 8vo, 

Wbitehousc's  Idike  Hoeris Paper, 

*  Wiley's  Tosemlte,  Alaska,  and  Yellowstone 4to, 

HEBREW  AND  CHALDEE  TEXT-BOOKS. 

For  Bcbools  and  Thbolooical  Sevinabieb. 

Qeseoliis's  Hebrew  and   Cbaldee  Lexicon  to  Old  Testament. 

(Tregelles. ) Small  4to,  ball  morocco,  6  00 

Green's  Elementary  Hebrew  Grammar 12mo,  1  25 

"      Grammar  of  tbe  Hebrew  Language  (New  Edition). 8to,  8  00 

"      Hebrew  Chrcstomatby 8vo,  2  00 

Letteris's  Hebrew  Bible  (Masaoretic  Notes  in  Englisb). 

8vo,  arabesque,  2  25 

MEDICAL. 

Bull's  Maternal  Management  In  Health  and  Dibeaae 12mo,  1  00 

Hammarsten's  Physiological  Cliemlatry.   (Maudcl.) 8vo,  4  00 

Mott'a  Composition,  Digestibility,  and  Nutritive  Value  of  Food. 

Large  mounted  cbart,  1  35 

Ruddiman's  Incompatibilities  io  Prescriptions 8to,  2  00 

Steel's  Treatise  on  tbe  Diseases  of  the  Ox 8to,  6  00 

"      Treatise  on  (he  Diseases  of  tbe  Dog 8vo,  8  00 

Woodbull's  Military  Hygiene 16mo.  1  60 

Worcester's  Small  Hospitals — Establishment  and  Maintenance, 
including  Atkinson's  Suggestions  for   Hospital  Arcbi* 

lecture ISmo,  1  3S 
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